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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a switch provided 
with steep filter characteristic by including a thin-film 
bulk sound wave resonator in each element of a first 
ladder circuit provided with a shunt element and a serial 
element in a first band filter and including FBAR in each 
second ladder circuit provided with a shunt element and 
a serial element in a second band filter. 
SOLUTION: The antenna port 1 28 of a 
transmission/reception switching device 100 is 
connected with an antenna, a transmission port 124 is 
connected to the output of a transmitter, and a 
reception port 126 is connected to the input of a 
receiver. The frequency range of a transmission signal 
respectively generated by a transmitter and the 
frequency range of a reception signal capable of making 
the receiver synchronize are centered in the passing 
bands of and filters 130 and 132. As for the filters 130 
and 132, the high frequency blocking band of the filter 
130 including a transmission FBAR array 102 are 
overlapped with the passing band of the filter 132. 
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g§ ( F BAR) ^^nt^^l0)M7^;^<i:, 

BffE^o-en-en^wRAVu^sft^fis (fb 
[fE^<z)I¥lffifcIft9l] 

[0 0 0 1 ] 

r^o 20 

[0 0 0 2] 

[ft*GD&ffi] *<<0fl^&a«ffiiSK*5t>T. otitis 

&z>T&±\stzmm3kmmmfi* 7>^-r^^^mmco 30 
[0003] RK:a[ftsnfcas««»o»i8tt. 

0P 2 5 3 - 2 7 2 (SURFACE ACOUSTIC WAVE DEVICESFO 
R MOBILE AND WIRELESS COMMUNICATION. . pp. 253-272. Ac 
ademic Press, New York (1988) ) \Z >— • • ^-r >^ 40 
;KC.K. Campbell) K«cJ:*/BK3ft«*S. ¥-»3iS«ai 

1ST (HO :t*T«ft^OTf, SBffl5itcBIILTtt 

[0004] m&mmzMisX&?)&®pim&<Dm^M 



^2 00 1 -244 7 6 
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A— Vt^ifi^XrA (Personal Communi 
cation System ; tAT* PCStH5) Xfiffl^lIS 

10^tyn 7 ^itWo C<0»8\ MfI^14(D 

m^if^ii 1 2©m*atfg««i 8 cofist^iiifig 

(Low-Noise Amplifier ; JETF\ LNAtW) 1 6 CO 

[0 0 0 5] MMS2 0tt. jg{Itf~b2 4. §fl 
*-h2 6W7>rt- *-h2 8^«A^3 7p-h 

0**L,T»«#-h2 4fc**S*l. a:9<«ia«ftr 
9 0° 4Rtf#«:7>r;l^3 2£^LT^{Itf 

-h 2 6Kl*ttS*lT^S. flf«7^;^3 0, 3 2CO 

»anw*tt*n-eti, 4fCcfcoT±i;^2ififi 

^©H«ft«HRtf§e« 1 8 

«7>r;i/^3 2<oiiia#«tma:0. »«7>rW3 2 

©««H*»Hjfc*«*<#«7 ^^30 owm&mz 

mt3iZ>& : 5\Zffi&'2ftT^Z>* 
[0 0 0 6] 2 0 £«j£T -f ^ 3 

0, 3 2©Sfrll i^TIL^o #«7><;^tt, tt 

2 2f:J:oT4C5iJ6Ti^Mf e»il/T, Z 

fgSHlrif igg 1 6 ©Sffifi, ft- 1 0 0 d Bmmm 
m^it*i§§l 2tift2 8 d BmCOm^fi^iUS 
«Hft88tCA*TSili:^pIffi-e*S. M^O 

w^#ii«»iciiA«f*fr»tso*iiajh-r*fc», 

7 >-x^ -*-h28 <hg{f#- h 2 6 ^P^iUflfl^ 

[0007] frmiznRL-D-D&z&mm^oii-io)? 

<i?ifi* flF^##J*fi7*-feA (Code Division Multip 
le Access ; CDMAtM) «r¥iJfflTSPCS 

(6TF\ CDMA T&£o CDMA 

PCSKtWCtt. -i— s;^-^— #H • bTA^^^x 
< CD I E E EffiJKKcfcS^ — • XX • 

■fe;i^— • • T > K • A— • 

y 3 >^2 jfiCD P 5 0 1 - 5 0 9 (T. S. Rapport, ed. . CEL 
LULAR RADIO & PERSONAL COMMUNICATIONS. VOL 2. pp. 501 
-509. IEEE Press. Piscataway, NJ, (1996) (CfiHR#f&&. 
CDMA PCS^gte, gjl 9 0 0MHz^iScRS 
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<D&)3%* Tte£>*>* 6 0MHzt'^. ZtU*. ft®, 
7>fJ^3 0 ( 3 2#. g*6Ti£^n— )V • *y*mx 

817^^3 0, 3 2lC ! fcB<!:Sn*#tt 
[0 0 0 8] 

K«^*ftLcfc5tTS»I] -feJ^tBStfPCS 
gill SIC, J;D/M!lC* cfcDfinX Hcfc*«fc5K 

ft£ftt>£tt-mft<, jB»&K£lcBrrsBfr£»fc 

[0 0 0 9] SS«JSIS 2 0 tCPT^> feM O0f B 1I 
/hSMbWK^nSt, 8i7>f^3 0, 3 2H fiftg 

[o o i o] mni&R&pcsmwfc* 3is«sis2o 

u©iT7^ y £ - :7^;i^teU ^J2 8 X 8 X 5mm<h^ 

[ooi i ] (saw) 7>r -tfry 

nx^fz. \m*zv>u*<omi$\z$>tfz> i ee 
esbsifss'^s^at©:*- r^y, • ZZ 

• ol— v>y ■ ^y— • ^-r y • saw • 

(0. Ikata. N. Nishihara. Y. Satoh. H. Fukushima. and N. Hi 
risawa, A Design of Antenna Duplexer UsingLadder Ty 
pe SAW Filters.PROC. 1998 IEEE INTERNATIONAL ULTRAS 
ONICS SYMPOSIUM. SENDAI. JAPAN, paper 0-1 (Oct. 1998)) 
£#flfl£nfc^. ±12CDMAI8S£lC;fc^T, +#ft® 



(3) t#§8 2 001-24476 

4 

Mli^^IA/: s AW7 >r j^0o-;i^ • *y\t. 

(steep) t<DKtiK>* 2 0CDS 

AW7^f <tm^X -f >y ^ <h ffi Lftlintf ft 6 ft 

±4&#ftf;b/{— t>^-*07>{^(:J;oT, 21 
f£LT^5g8#t;:gca>T, 

[0 0 12] *«Ktt±E*«JC*>^*T3ti:*nfct) 
tt^i4fcn*Ct©4^CDMA PCSgif^ffl 

& tc « frt £ ? m * »jm ic-r s <d \z y<oi* 

20 ^rz. *&m<o*>o l-Dcommz, ^y^v*? • ^>r;u 
37 xte s aw ? >r tc L fe^ff ©SS«J«lS 

i0M0/M!T?*^t, Sign* r-£ffi<«oz:£:rt* 

[0013] 

CD/p-h<hOHtC^$n^mi ©M7>fJ^^ 
2 <o#- h tOPB^C^^nfcfi^JIelSS 

30 ^FBAR^-X0l§M^^IM^c 11© 

»«:7 * ^te^m^SLXsmMm^m^tzm 1 © 

fcL fnfnM/^^f«l§5 (FilmBulk Acousti 
c Resonator ; J^T. FBARt^i) ^*nt^ 
So It^JlHlBtcti, S2©*«7>fWtEMftt9 

o° 8«S***nt^5. »2©#«7>r;^tctt» 
40 [0014] mmy* )i?<D'>te< i oco^{c^ 

in^FBARIt ^tLT2 0^§*IH« 

[0 0 15] »«7>f ;^©'>&< «ht> io©*f let 

Jtl^FBARft ±»i:lxT3 0JEilJi<7>SftS*«« 

[0 0 16] SF^:7^;^£>'>ft< i^<o^tc^ 

^FBARd £T, Sft^^Sil&^^ffiASC 

[0017] ^«^^;i/^(0^(7) / >ft< i-D\z, 

50 f ni:^$n^. F B A R t W5:4tTO^ > 
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CO 0 l 8} S^7^;u^co^< <ht> l ocoit^j^ 

ict^FBARn ±x* mc&mm&i&zmtLZ 

KSS^K^nSFBARtt* fi^WH^C-S^n 
5FBAR©*fiHi6Si:ttSa6, H-<D*fi^K» 

[0019] mm-f LmFizuTF bark 

[0 0 2 0] 2l««J«»t»4. ££>tC. #«ilig7>f^ 
a«»»« < S:il[W*ft:'r*llft-f >^ * >x ^ttrci 

[0 0 2 1 ] 5^^(0 1 OK^£*l£FBARt4, fi 
^tSlOFBAR&tfg2(DFBAR^C(»: 20 

[0 0 2 2 ] *5£^{cJ:ntf, *fc, ^K^^^a^j 

Ett8*»j«u if 0^ nt: f b a R^snt ^ 

[0 0 2 3] #3E9if4. FBAR0^<(i:t) 

1^7^% ffi(0FBAR£#«ffiifc»7&*Sfc£FBAR© 

*»7WJci4, *6K:,.Mio*ifl!)i*ifii: 30 

% 2 com^cT) i i <omu(D i 

n^ftK*V>T»«Sn*. ffi(DFBARt*fiHS» 
a<Sft5FBAR<0 1O£JBfiET**«l4, KDFBA 
R£^J*t-£flfi<0««£fi*tt§fff£ (weighted thickn 
ess) WioTl^o 
[0 0 2 4] 

i£^CO#ff^ffl?{Ct4> FBAR^ 
Ett*<&*. «Atf, *»WflDMAK:*«*nfc*BB 40 
ttttjB5, 5 8 7, 6 2 0^S (*W«»JC^ViT« 
ffl-TS) £14, FBAR©E«d<*4. Bl (a) 14, 
FBAR 5 0^*tSriBT*5. 
[0025] F B A R 5 0 t4» S« 5 6 IC»J«* tlfc^ 
x.)V 5 4 <B±lc. -5-(OjgjR-effi t>ntz (suspend) fEMM 

§o 115 8, 6 OKte, -^ft-en. Sf 6 6, 6 8£ 
8, 6 OfcL Et*ggX^7^6 2i&MLT^^ 50 
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[0 0 2 6] JEm@5 2 £m®5 8, 6 0<i:«^ 
M^B^Mt^). ®f6 6, 6 8^ltfi5 

8, 6 o iztiu^znz&tftm^it* BEm&mm*??? 
mizmis^mfc&i&ffiz-T^z. -ttztit*. f r =c/ 

2toC;t, f r J4*fi»tt»t?»0, cttX^y^ 
WK^lt^^T&O. t ol4X^y^©S*#^»S 

[0 0 2 7] ^1 9 0 0MHzt*IMi;5FBAR 

5 0<B«<D»^ ««5 6tt*ISfr>'j3>0'>i-A 
T*&0, El§5 2lZm2&m2 tim<Dmt7)V^ — O 

a (a i n) ^st^d, ii58, 6o\zmz&m 
^Eu^T : >*4affitcHbTa*u^^ 

CctoTFBAR 5 Of4ffi<0*m©««J:Dfc»i^Q£ 

ttz>zt&-*im\ztzz>o FBARomm&zt&mzM 

<D»SAtcajgSnfc*H»fFffiH*0 9/0 8 8, 9 
[0 0 2 8] HI1 (b) 14, FBARSO^fM^: 

^-tihibh-t?**. iU7^^>x«»n 115 8, 

6 0RZfJ£mm5 2 \Z±-DXMl£2n2>n>7 : > J *<03r 

pJ4> »BS*V/t->^>XC P Oil[5»jain[**UTlr^. 
-f >^^>^L m RCX+V^^^>XCmJ4, ffil^S 
SX^7^6 2 >XRtf *t/V>^ 

^ITl^c JSta^Rste, ^ 6 6, 6 8 <tEt^ 
figX^y* 6 2 ©ratC^S frtS««<Z)iE^J«affi*i^ 

[0 0 2 9] @1 (c) 14. SS^6 6 6 8 t^P* 1 ! 

<>:©H«*^-r4#ttHT**. icon 
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*r*. -ea>». -f >tr-^>xttA»Jc±#u. at* 
«K ^ >x L M ;&zm*]Kffl*£fc>ii-6nfca« 

Xtea«W*WV>^>X(Z>$$)2 OffiT&&fc«. iS^J 

[0030] B2n *mm<om ommMmz&zm 

ftFBAR7K10 2RffSlFBAR7W 10 4 

§§10 OH CDMA PCSfifBlCffl^OMCiBLfc 
Sfs#- h 1 2 4 , §fs#- h 1 2 6 Rtf 7 • * 

-M2 8t4&3#-hM"C»*. 2t2«*»tt, 20 

9 0 ' ^fflgg 134, mm FBAR7K102 Z^tS 
SkmW&ysCfr* 1 3 ORtfSfFBARTW 1 0 4 
«*»S«»*7-rJP^ 1 3 2*a*T«/*;SftTH 
So hi 2 4H Sl«*«7 >{M13 0^ 
lT7>rt • ^- h 1 2 8 CM^nTt^o 

t«#-H28n mmm&&tiLT 9 o° ^«§§i 3 

4^§IS«7>fM13 2^lT, §fl*-hl 
2 6l:gS^nt^6 0 

[0031] pcssi, -fe;u^*BXttte<z>igfi/s 

fgSWCffl^6ns«-&, 0 2K^T[sI&<h|l5«<&®& 30 
HMUciS^T, 1 0 0 COT >7~r • tf- M 

2 8U7>ft (H^-fr-T) fC««Sn, Sfltf-bl 

^7^wno rzs 1 3 2 (Dmm&mz* -en-en, 

3 0Rtfl3 2li, MFBAR7K10 2^tfl 

3 Oa>S*«*HJt*«**, *«FBA 40 
1 0 4*-&tfSfi#«7>f 1 3 2©iiig«f ' 
^<hM0, 5fi»«7>fM 1 3 2 CDfittHftftHib. 
2i»«7^^ 1 3 0<z>iIiB*MSK:fi&*J; 

■sicartsnrn*. 

[0 0 3 2] mm&i&7 << )V? 1 3 OOfifittCO 

^TRWT-B. a«««7-r^tt, iHfg F BAR71/ 
<102mTi*Snt^5. iHf§ FBAR7 K 

10 2H «^ffl|5iBS*»*"r'6J:'3k:*l***ifcitM 
FBAR 1 0 1, 1 0 3, 1 0 5(hMFBAR10 

7, 10 9tStAT««$nW5. BJilFBARtt 50 
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j£fl#- h 1 2 4i:7>ft • #- h 1 2 8 £ COPTIC it 
*JlC«tt£nT*5 0. MFBAR10 7(1 7~X£ 
It^JFBAR 1 0 3R^I?jFBAR 1 0 S<T>fi[(DJ — 

£\ F BAR 1 0 1 , 103, 105, 107. 109 
H 2 1/2a©»^S!lHl»*»riEbTlriS. & 

F B AR7H 1 0 2KI*HT. lOCOH^JF 

BARi 1 ^o»bf BAR<hwnfn**$nsi 

g<D|$CRtf 1 OCDlt^JF B ARXH 1 ^KFBAR 

3 o<Dmm<oy^ ju^^RtfmmFBARTu-i i o 

2S««t^a^©FBAR©»ttl: < i:oTftS5. 
Atf. SFHlCte. Sfi»*S7-f;^ttFBAR10 5© 
&(/>2g;:7^;i/^Tr£>£o 

[0 0 3 3] &\Z. 8fiff«7 -f 1 3 2 GOfltjglCO 
HTKWTa. SSf«7-{;^13 2ll ^fiFBA 
R7H 1 0 4&fATM$nt^5. gflFBAR 
7K10 4H a^SHHJB^^fiKfScfc^tcatt^n 
fci^lFBARl 1 1, 113, 115 i^BF BAR 
1 2 1, 1 2 3, 1 2 5, 1 2 7tmT»S$nt 
tiS. K#IF BARH T>"r^ • h 1 2 8t&>£S 
RIC0 9 0" gffigl 3 4cD^g&£g{ttf-H 126^ 
IBti»M«C*|**nTli*. MFBAR121H T 
— X£iE?iJF B AR 1 1 \ • h 12 8 

^e>^R109 0 0 gPffigl 3 4<D«8S<0M<B>— K£<& 
IHlC«ttS*lTtf*a. MFBAR 1 2 3tt7— 
^IJF BAR 1 1 1 WWJFBAR 1 1 3ftl(Oy— Y b. 
(0|HK:*«*nT*D. »»FBAR12 5tt7-Xt 
lE^iJFBAR 1 1 3MB?lJFBAR 1 1 5M«>y— K 
t©BHC»«*nT*0, ^gSFBAR12 7(i7-X 
<h F B A R 1 1 5Rtfgfi*-h 1 2 6O>Pfl0>/ — 

£\ F BAR 1 1 1 , 113, 115, 121, 12 

3, 125, i2 7ii 3\nwt<D^mm^m^ 
®><Dmt&mm&7 * Ji? 1 3 2©ms<B:7>f ;u*«h3: 

Rtf$iFBAR7K 1 0 4 0>F B A 

RO#ttfc:J;-3Tft££. 
[0 0 3 4] 90° »ffigl3 4<i:LTffil^<Dl:ai/ 
fc[sl&li3Rtt«lc;fe^TH»T*£. «AH 9 0° 

[0035] -tn-en, MM7^j^ i 3 oftr/s 

J:3iCFBAR7I/^l 0 2&tf 1 0 4 ^iSft^fT^ 1t 

UyyCOHP EEsofCorp. H^oTfiSlt^n 
^D^x — y • ?if<> ^X^A (MD 
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5) (Microwave Design Sys t era (MDS). release 7.0(199 

6 ) ) t ff* tf tl Z> rH g£ <D v -f ^ □ m » tr v 5 zl U - * £ ft i 

(b) iC^TttlE^nfcA*-?— X-A> • 
&(Butterworth-VanDyke circuit) fcffil^T^ET^UflsS 
tlfco c:<0^th'>^zLU-^H. ffifSfcfiSitU FB 
AR7H102, l 0 4(0^n^ntc43frt^FBAR 

fco 569J#fcL ai«ySil/-^*ffllritSFBAR 
OEE«*fiSX^y^ (0 1 (a) Kft^6 2Xr^T) 10 

§ F B A R 6El»iX ^ 7 ^ $ 

y!y*H^r>^U 7v^V7 h • -f >^ (Mathsoft, In 
c.)l:ctot^$nTt^TX-^tH8 (Math 
cad 8) tC8E*3&^0- 1 9 64fl:-a-3-^ 

1 . 1 Aftj (PHYSICAL ACOUSTICS PRINCIPLES AND ME 20 
THODS. Vol. 1A. pp. 239-247. Academic Press. New York (19 
64)) Cfe^T^U zl • e— • 7V> (W. P. Mas 
on) EclCctoT^^^n/z^^l/^^-X^b/t^CO 

[0 0 3 6] CDMA P C S i£@<Oi£^9Jg|g 1 0 0 

fob. 2t«FBAR7U^ 1 0 2£«jSr*fi^JFBA 
R 1 0 1-1 0 5tt±Tl^i;*fiH«t»CS:«X.SC<h^ 
*JffiX?&9. #&FBAR 1 0 1 0 9\,ZMJj£.h 

mc#mmm&*ffi^zz.t:f>^mT~fo2>o u^b, a 30 

M F B A R (OKMKKI^K F B A R <2>£c£Hft£fe<fc 
A, ±T0»j8FBAR*WJFBAR©*fiHi6»i: 

v-i 1 0 2^<toT»e»n^7-<;v^i|#tt<h«s^sig 
«#«^>r^ l 3 0®7^M^WfliCci;-3TH 

MFBAR7K 
t^^#:^ IT 2 ^&±<D&teZ&Mm$L$k&mTZ> F B 
A R £<i;LT«J&t-3 ^ 40 
[0 0 3 8] S<s«f«7-r )V9 1 3 2lCffilr^n^FB 

ar7kio4«, £Tmc&mm&gt&ffi?LZ>m&\ 

FBAR<h, ±T&mFBAR<D&mmitL&ti\tmtfi 

ra-*iR«jft»a:«A*»BSFBARt€:*iLT« 
fiE-T*£i:fcpJflET*S. L^b, CDMA PCS3S 
i^)l^Ml0 0(OS^ 3««f*:7^l<*l 3 2 

s«#- n 2 6 tfi^snsa 

^W5i:(0fiU^;i/^-e, 7>rt-#-hl2 8l:^tt 50 
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8i^!)©i:^o ^b(of b ARm^&m^mm^^ 

fiM f B A R TH i;*lS8SSi^ , #S§F 
BAR ^ta^J FBAR 0>#fifflftft t teS& £ H U 
ftlflitSSWSffiFBARJK 1 0 4 0>£JKffi 

[0 0 3 9]^f|FBAR7K104l:fe^T, CD 

ma ps c&wo&m&i&y * )v* i 3 2tmm.<r>y 

bar^ rac^fiHftft&WASfefrtTtt&ti^, it 
^jFBARte£TP*i cp-mm fogtzmTLZ^t &vimx 

MtnH S«FBAR7K*i««FB 
ARte, 4# t LT 3 o£l±oa&S*fiHaS^iA 
Sd^ISL^. I^CioTit §{gFBAR7l/ 
-Y £«f fiTT^ FBAR ^TS^S*lH8S$iAS 

[0 0 4 0] 0^(O0fJ<Di§£\ §iFBAR7K 1 0 
4©EJIJFBAR111, 113, 1 

tt. f$3£-f £<£5fc, «m#«:7>f i 3 o&tfsm 

1 3 2 (B**tt£<>*-U 
MFBAR7K102©BMFBAR10 1, 10 

3, 1 0 5 ©SfiHiS»<fc 0 fefi 8 0 MH z Rv^. 

[0 0 4 1] ftififCfroT, -««^jE««±*C«fP$ 
tlfclt* < O^^fflSSJS FBAR ^I^SSS FBAR 
7Wr**«iS*lT^S. SfiFBAR7K10 2& 
^IIFBAR7K104(hLT, CCOcfc 5 &J6I1F 
BAR7K*ffl^Ct(C<fcr3t, ««>T'h£^3i§ 
^MlOO0g^IM«ltl:^6, 13 (a) S 
^3 (b) FBAR7H10 2S»104l:* 

$nfc6^©FBAR 7 2, 7 3, 7 4, 7 5, 7 6, 

7 7*iATi«SWFBAR7K 7 0 fc^-TWig 
0Tr&£> o 01 (a) II^rt-FBAR5 0(i:^i 
\Z. Itmm 7 8^>«JJ>Sfi8 2±K:»J«*nfc^x 
;P8 0<£>±tC, f^BftT'S^nt^S, 1S8 3, 8 

4, 8 5, 8 6, 8 7 tfjzmmmffiomm^mmnm 
ftizmwztiT^Zo 03 (a) \z^mx^nrzmm 

8 8 8 9 ffi«B^ffi©S«tcffiUfc»»JC 
KftSnT^5« FBARteJE*«0>pfflmffi<Dfiffia< 
a^C^^C^tC^^nSo WAH FBAR72H1 

[0042] sss 2\zmf&zntzm-*y^)i% o\zn 

TSffMftfitLX, Sfil:FBAR 7 2-7 7(^) 

^n-^nic lofocaft^xMMnt* fba 
r te^ n n {i * co x ^ _h t z ^ «e> n z> z. 1 1 c u z> 0 

F B A R O^tt^lcdSiJcT)^ x;P^^tt ^ Z £l \Z J: o 
[0043] FBAR 7 2-7 7 (Dfrtl-etKDWiMfim 
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Tjkom&Aizmmtsn. ^<Drz&\z*mmwiz&&& 
ztiT^zxm&ftfcmmo 9/2 8 2, 082^1 

{CgfiS^nT^^ct^tC. ^CDFBARH J^tt^^F 

AR7K7 0$«tft5FBARH -«fC, 

[0 044] £}0. 8WmmT* 4 1^0. 1 4 mm CO 
y U 3 >«S±i:8ff $n5*«F B A R 7 U-f ^ffi ^ 

t. ^n-enstswiftg 1 ooofbar7Kio2 
i o 4 c ttiFssm-ctoz. 

[0 0 4 5] FBAR7H102MFBAR7K 

io4*i««awFBAR©«rttit Etiiojps 

WAfl I9FBAR7H 7 0 GDS£\ FBAR7 2 
m£43l*£Btt9ififlI&£fllC8 3&tfH@8 8coiP$ 

[0 0 4 6] FBAR7H7 0*i«nFBAR 
ttSFBAROD^n-eno^fi^ififttt, FBAR<Dt 

[0 0 4 7] £X<Di&mFBAR&mC&MfflWifk$:ffi 
fit, ^TO^BFBAR^UftSM 
S*iA^^*©ftllWft*«WlF B A R®^jiSHS 
FBAR7H 1 0 2&tfl 0 4<DmM 
IS(hlTffit^nS«8FBAR7H 7 O0>£UE1B 
itll < t) n F B A R 
£>mS£ 0 *>JP < <fc 5 JC#i& F B A R ZMftTZ d 
fcKJl-pT, »BFBAR^IflJtSS^EI"IFBAR 
cD*S«JR»^bTfiTTS. 4T©1J!IFBAR^ 
HCftIH*R&«A, fit, ^t^FBAR^ 

ra c&mmwi$k&ffiKfr^<D#mmmmmm f b a 

R©#fi«KR£ttg&£, *8FBAR7K©Sff 
lO#B£$n*:/n-fe>Ul iTOFBAR^HD**, 
fl8»ms*»FBAR7K08ffi:*8t$n 
£ zf a ± x i: 0 « A. '> L % £ o 
[0 0 4 8] FBAR^ ^<hlT, CDMA PC 
SI6H(03IS«J«Slc:ffl^^ns5faFBAR7W 1 

o 4 (Oiiii®^ -5 (c, 3 oa±©#iH*s$«A 

5FBAR7H102 Rlf 10 4 ©HBE^SItCffl £ 
n^FBAR7K7 0^JSIWl FBAR^f 

«8*.TU>*. ^0O8«F B AR7K8ffa«*ffl^ 



(7) M2 0 0 1 -2 4 4 7 6 
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U-f F B A R <DmzttfoTZ>&<Dm2 £fft 

d<h#pJffi&, CDMA PCSfi«CD2t§«J»gK:*5 
ttSgftFB AR7K 1 0 4tLTffll^tl5*8F 
BAR7K ©3Ufiffi«*Sfp-r S C <h teHKTifcS. 
L^b, CCD£?tcLT^flFBAR7l^£§3frr<5 
M^JMIOOH 2^FBAR7K102 
Ml04t90 a OT1 3 4£M^i*$n6© 

B4H *mm<»m2<DmmMmz&zm&wm3&&7K 

&&TZ>£. ^{|FBAR7K2 

0 4ii ^b018fbar7h m^ms^m^xm 

0*2, CDMA PCS£m<Djii§ffl«g£LTtf>«ffi 

FBAR7K 2 0 2 Rtf §{f FBAR7H204 

A R <h, ±T#, S^JFBARcO^iSHifiSiittRja: 
3i;ft8H8RSiA5#BFBAR(i:&iATf 

20 n-en«fig$nT^s. dtuc^ox, fbar^# 

<h LT 2 t3©#fi«ttR*:» l^t^T^&^«8F B 
AR£. FBAR7H 2 0 2M2 0 40^^ 
VTm^ZCt&vimiZtSiZ. ^5lfc««FBAR7 
F B AR©4T^Hi;*fiHSft$iAT^S 
FBAR7K ^Sf^-r^fc^coyn-trX^it^T, ^ 

[0 04 9] iiS^glg 2 0 0H 2M#— H24, 
30 b 1 2 6&tfT >^ - #-M2 8£«*fc 

3#-hgfT^D, 9 0° ^ffi^l 3 4, jMffFBA 
R7K 2 0 2 SfTS»fiff«7 ^^2 3 0 2&tf S 
f|F BAR7 K 2 0 4 4 )V* 2 3 2 

&!ATi*SnT^5. jgfi#-h 12 4(1 Mft^r 
«7>fM^lT7>rt • h 1 2 8fZ««t$n 
Tl^o 7>ft-#-M2 8H fi»»j«<££:-r9 
0° »«»StfSB»*7^;W^bT5«#-M 
2 6iCfl&SK£nT^£. 

[0050] pcsm -fe;^^iiSx«ffi<z>2Hi/S 
40 m^m\zm^t>nz>m&* H2K^fc<B£H«<Bim& 

mmz^X. 28MS2 0 0©7>ft-*-H 
2 8«7>rt (■«**■) K»ttS*U M 

2 4\tmmm ©m*jc*«an, 

M26H S««H (HaH^T) ©A*lc«jKSn*. 

»«7>r ;^ 2 3 o&r; 2 3 2o>iigff«tt, -en-e 

+ B5*O>«<0«^ S«7^J^2 3 0&tf 

2 3 2(1 3lfi»«7>f 2 3 0O3BH«ffiJJ:«r« 
50 &m&m7<< )V?2 3 2<0»i8»«<fcfi&D, Sfi 



13 

[0 0 5 1 ] *(C, §g»«7>f^2 3 2lZ-D^Tm 
Sfi*«7-f^H ^f|FBAR7K 2 0 
4. ffi*Ht«K>^** 2 4 1. 2 4 3atf»B«B-f 
>^*2 3 1, 2 3 3, 2 3 5, 2 3 7$tATi* 
$ntl^o SHFBAR7KH WTSHsHKftJ&l* 
t5<fc^lC»«$nfcBMFBAR2 1 1, 2 13. 2 
1 BAR 2 2 1. 2 2 3, 2 2 5, 2 2 7 

U t«FBAR2 11, 2 13, 2 1 5 &Cfift?lJ4llg& 
2 4 3\t. 7>rt-#-M 2 83ft^aiS 
©9 0 6 f£*B§§l 3 4 0a«t3fi*-h 1 2 6t©B 
tzmm\Z»Ki£tlT\i*Z>. »BFBAR2 2 1Sff»B 

i«i>r>^^2 3in t— xtfi^jaaio^^ 

1 4 l&tfU^JF BAR 2 1 l y — K£©IHfcHWU 

t»«anT^s. »»FBAR2 2 3aa»M»-f 

>y??2 3 3WU 7-X<!:fi^JFBAR2 1 1^2 

i 3paa>/-K<fc©rajcii[^j«c«tt$nT^^. #&f 

BAR 2 2 5&tf»BI8l-f 2 3 5 tt, T~X 

<hlt^JFBAR 2 1 3RZS2 1 5 BUG)/ - K ^COP^lcm 
JUfCjMISnT^S. ^FBAR 2 2 7 R&ft&ffim 
^>^^2 3 7 H 7-XiI^JFBAR2 1 

m&m%h'(>y>7? 2 4 3ra<&y-K£©WK:itMK« 

KSnt^S. bfc^ot, H4G>«^ FBARS^ 

mm-f 3i/2»»^i!isiK*a:-r«fc5Jc« 

S13*«7>f ;i/^2 3 2©Bfa©^>f ;^»tt, 

§flF BAR7K 2 0 4^«rttSi9JFBAR©«r 

[0 0 5 2] FBAR7H 2 04m IMFBA 
R2 11, 2 13, 2 1514, iTHU^WHtRSt 
^ »jf§FBAR 2 2 1, 2 2 3, 2 2 5, 2 2 7 te, 

BAR(D«^jStll #8FBAR©*fifliSS«J:0 
|&3Xffit». 03 (a) Wi3 (b) tC^T^F B 
AR7H 7 0 tB«0*«FBAR7K^ FBA 
R 2 0 4<fcLTffl^Sn*«£\ *««tt*©*tt» ^ 

n^©»»*iiJras-e-sfe«)Jc»KFBAR<z)«aifent 

[0 0 5 3] FBAR7K2 04T^tJ:5l:, fi?"J 
FBAR2 11, 2 13, 2 1 5 (D 1 OlCjg^$ ftfrU 
MFBAR 2 2 1, 2 2 3, 2 2 5, 2 2 7 (DMM 

fc*Fk:»ttan*. aatfedficAot, #g§*ti» 

0^*2 3 1, 2 3 3, 2 3 5, 2 3 7H ttl-f 
fU #g§FBAR 2 2 1, 2 2 3, 2 2 5, 2 2 7<hE 

m\ztft%i'?z>z£&vimztez> 9 



(8) #§12001-24476 
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[0 0 5 4] mi (b) IZ^TF BARCO^iE^tl^cA 
oT^^J:^!:, a«K>^^SFBARO*lfO 
FBAR0iMW-f >^^>XLM»tf»B*t^'> 
^>XCI4 2^(Di/:^M. -f&fct>> FBAR^l 

10 A R ©»J*Ii8Si:»Utr< *rr*>fc«» 

[0 0 5 5] «8K >^** 2 3 1, 2 3 3, 2 3 5, 
2 3 7^ t>T, 8fiff«7 -f M 2 3 2 «r«fiE"TS F 
BAR221, 223, 225, 2 2 7 Oit^J^ig^zS 
«C*aJ&^a-rofi;T$-erSi:, FBAR7K204 

ic4ott^>±T(Dit^jF BAR#<. mc^mm&^m 

20 

[0 0 5 6] mm&mmiz* mm-f>&9*>x£& 

(additional null). tt«K >X0l 

\z-va&mm-rz><koiz±mznx^z> : strnwaoxa 

30 ft««»IBH^43^iT«»MtC5 0 dB^i^MM 

ftus-ttftct^iectt*. ens 

[0 0 5 7] ieo^T^Wty-^tt, 2tS««»2 0 
0£^;MfcU FBAR7W2 0 4S»«nFB 
AR^ 2O©att**firaft»/£»b^<iATl^cJ:0i 

7-f^*ttt«««»«l^>^#2 3 1, 2 3 
3, 235, 237, 241, 2 4 3©l^ftSTSfc 

40 d6Jcfijffi^n^o 0 4<&«£\ issh >¥??<D-t >y 

0 nHT**FBAR<B««W<>^£*>*L M K:Jfc 

^T/hSH. Lft*»oT, mw-(>y??tisxit&m 
R<D&z>>f >y9?&mm\sx*>* fbarob^i 

[0 0 5 8] ffiglcte, *»8S»8ft-f * 2 3 1 , 

2 3 3, 2 3 5, 2 3 7fl)fn^n©-f>^^>7 
tt. FBAR7H 2 0 4©/ty$r— ^(O^n^notf 

50 >^^^>^^>X^FBAR7K 2 0 2S 



(9) 



2001-24476 
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^FBAR7H 2 0 4^jgSW«S2 0 0 

■T-5 hl/-Xt^ofc. FBAR7K204 

©aw*-— > ? <B#>?>r >^ • «?-f -^cia-rs-f 

* >XfcL fi^IJiBK >y ^ ^ >X 2 4 1 RZ* 2 4 3<D 

[0 0 5 9] ±ffi(Oct^tC. B4<B«d. gffFBAR 10 
7K2 04©a^lFBAR2 1 1, 2 13, 2 1 5 CO 

#«:7-f i 3 2©»ttH>?-u-^nfc^ 

MFBAR7K 1 0 2CDIE^JF BAR 10 1, 10 
3, 10 5O*SH8S«k0fi8 0MHzSiK 
[0 0 6 0] ±T<Z>ffl^JC*^T, Sfi»«7-fM2 
3 2tC, MKH >y??2 3 1, 233, 235, 23 
7, 2 4 1, 2 4 3 0iWttnT^5'M^^o 

tc, »BFBARO'>ft< <ht> lO*I»7-XlC»a! 20 

[0061] m.mw&y 4 ft* 2 3 oico^ts 

n«> 2B»«7-f^2 3 0tlT, 0 2K;ST2i{s 

#*7>f 1 3 0 trai;»«7-f ^fcfijffl-rs^t 

1IFBAR7KH «^ffi0&£»JST*cfc3K:« 
tt^nfcfi^JFBAR 2 0 1, 2 0 3, 2 0 5chMF 
BAR 2 0 7, 2 0 9 ££«*T«JS£*TC^£. tt^i 
FBAR201, 203, 2 0 5 HU h 1 2 4 

£7>tJ- • #-M 2 8 <h<Z>ffltcS[^J^»3IK$ns. 
MFBAR2 0 7Rtf»K*l«|-f >^^2 4 1H 
7-X<hS^JFBAR2 0 1W2 0 3 &\<D J — K <h<D 
MlCfiWCftlKSnS. »ttFBAR2 0 9Rtf»»« 40 
SK>y^24 3te, 7-7<hfi?iJFBAR2 0 3^ 

2 o smos-Ftomzw.nizi&ffiznZo L*t# 

ot, H4<0«£\ FBARWW >^^S:»« 
[0 0 6 2] SHifflf«7 4 ;^ 2 3 0 ©tS^HIMBlCfc 

y<<)V9¥f&* SfiFBARTU-T 2 o 2£«t*rr5<@ 
*<7>FBAR(D#tt;&tfffi8!K >^^^(D^tttC<i:oT 
&£3„ flFillCte, i2tfI:7^;i^teiE?iJFBAR2 0 5 50 



[0 0 6 3] m.m&%Ly <OV9 2 3 Otoy* )V9ft&\Z 

temztttzmm^ >?2 9<»±&<»&mzn^z>ti 

[0 0 6 4] *Hft>f >^^<kai«»«7-r;^2 3 o 
v>ftf&F b ar 2 o o 9 ^n^ntam^Jig 

AR 1 0 7^1 0 9©#il;7 — XS&2 4 5 &W.&HZ 

^FBARrai:M^n§<h, #«ckOSii^» 

[0 0 6 5] H4(^-T2IS«iftg2 0 0^n 
y^HSBSi^Tr^, gfltf- h 1 2 4 t7>rt • #- 
M 2 8 £<Dm<Dft Afi*^, 2i«#«<0*g»*HC*>fc 
oT3dB*8^oL Mfltf-H 1 2 4^b^fi# 

5 0 dBm SfiffiF«tCt)^:oT4 6 dB^Ix. 

[0 0 6 6] iig^&g 2 0 0 §i«tS*«M7 -f 
2 3 0^2 3 2 tt, 3IS#«{Ct)fe^T2 y»y h 
C. W. <0«*fflJSffi#£— ;RLT«ATl>5. 

[0 0 6 7] *%W\Z<kZ>-7n h^-rycOFBAR^:^ 
— TslzLfzm&tymmte* (A Miniaturized Dielectric 

Monoblock Duplexer for 1.9 GHz Band PCS Tlelephon 
e System, 96 IEICE. no. 349 (CPMG 960103) . pp55-60 (199 
6))fcl*5HT, T^f--«^E, 9-^- • yz/#^& 
J&ZtJLy^ • hR (T. Okada. T. Tsuj iguchi. and H. 

Matumoto) i:J;oT»K$nfcCDMA PCS <D 1 9 
0 0MHz^7*y&&M&\Z£%m&Wmm<Dtkm<D 

&<\z%%c?z>fr* tn*Mx.z>o -7uY*?^y 

(DF BAR £r^— X \Z UfcjgS«JSiS^)^ ^ ir— S^tffi 
te. 88mmX5mmX2mmT^0, Ifc^ot, 7" 

Dfig&££te, h^-f ycOF B AR£^-X(CL 
3\Zte2><DX\ FBAR£^-XKLfc2t§WSI»tt, 

[0 0 6 8] SAWS^^JMH *SE91k:J:*:/n h 
^-f^FBAR £^-XlC Lfc3IS«JSlig t SKH U 
1M X^fAT^^^ SAWgJBT'll CDM 
APCSCD2 OMHzSIM^n-;^ t7gfr^i 
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[0 0 6 9] ^^JCcfc^FBAR^— ^©SISffli!IS 
T'H fnftl©FBAR7K$«^FBAR(D 

©^tt<>t-^>XH -KlC5 0QTS5o 50Q 10 
©Wtt'f > tf-y>X iC&^ii-TSfi FBAR7K2 
0 4 C£lC«fcoT. h 1 2 6 lzmt£ 

Uc»8FBAR2 2 7WX^ #&§FBAR2 2 
3&tf2 2 5cfc0a>fcD/h£<fc?), 9 0 e W13 
4l:B8Lfc»JSFBAR2 2 l©tMX*«. #&2 2 
3R^2 2 5J;0/h£<ft:3o MFBAR 2 2 7(1 
*<D1MXa^£<&S££:fc:<fcoT. Q^OCOFB 
ARiOmOIK^o FBAR 2 2 70Q«T 
SB»«7^f;^ 2 3 2©7-f ;^»tt^*ft 
T3o 20 

[0070] @5ii 3 <Dmmmmiz%2>m 

£\ &m&1&7 J ft* 3 3 2H 5 0 Q(7)£H4-f >fcf- 
y>X£ffl*.T^<5**, SSFBAR7K3"0 4©» 
|f§FBAR 3 3 7H U"f XWQ^BF BAR 2 3 
3W2 3 5 «hH^(OifiS8*$«^Tfllfilc$nT^ 

*® 5 ic^T3t§$j&§§ 3 o o <Dffif&mm\z* m v&m 

0§r^ o 30 
[0071] ss«K83 o o©»^ #&-r >e-y 

>XH FBAR2 2 7«hiaffli;JcRfen, QH ¥ 
— FBAR(D»2f8<Dffi«£fll*.£2O<0F BAR 3 5 

Jt^oT, FBAR351SS3 5 3H Bg^FBA 
R 2 2 3&tf2 2 5<D2feX*&Q. Qtt^r3tiK<& 

> *fc3ia««» 3 0 0 hu fg 2 <dhss 

&mT~&Z> 5 0 Q<0l$tt>f ^>*£«Afc£§« 
«8S2 0 0J:0t)infc7^;^ttm5. 40 
FBAR3 5 1&tf3 5 3©B^JttfiScH ^-FBAR 
2 2 7 0>4fg<O«*K:BAS. 

[0 0 7 2] m%:V)&^3 0 0©7>r;^SttG)S6/«C 
<5efc»tt» *-/MSFBARWd:<, tt?>J«lj£«tt 
T2 0CDFBAR3 5 5&tf3 5 7 ^F BAR 3 2 1 d: 

[0 0 7 3] it*]KS«$ftfcFBAR 3 5 12£tf3 5 
3tFBAR 3 5 5M3 5 7 i:H ±E<0J: 5 iCffiW 

*J (C $ F B A R £ cfc o T&gfc -Y > fcf - ^ > X 50 
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#f§6n<5*g£-{CH FBAR351&J/3 5 3H ^ 
&£ffi«lcT*£<hj&*pJffiT&*. Lrt>U FBAR© 

-enfiM icS^t $ tlfz 3 -D 0) F B A R \Z J: o T S A 

znzm-F BAR<Dm£3fe<Dmm$:m7LZ>. mmiz 

S^^n^3O00FBAR^ffi(,^C<htCJ:oT, Q£r 
[0 0 7 4] FBAR7H^ t FBAROlfe-* 

arx^fbar >^o*«« & nsai 

«F BAR7Kl: c fcot^i$tl6^1W;^^ 

jEa*fisx^^^©fi 

tH8©«3S:©l*#*S$ ^FB AR^t 

IMf^tlJS&i. FBAR©ll0-*XliMS© 
S^tt^JP££^3rT£<^ FBAR<Z>JE«#fi'gX* 
LfJbT, FBAR^W 

fcT^oT, MAfl FBAR7K 2 0 2©^FBA 
R***m«FBAR7K7O0FBARH £ 
Tra^ff^^ffil^^C^^BTffiT&O-. FBAR7K 
2 0 2©»BFBARSiliEn««FBAR7H 7 
0(^)FBAR(OtSll ±T* it^JF B AROO/P^^rM 

ft#£LT> FBAR7H2O20B^i|FBAR 
£«J«-r FBAR7 OtOFBAR (DMffi&lkZtF B 
AR7K 2 0 2 F B A R F B A 

R 7 O0FBAR (DMM&i f^tSCDi?^ <Dgfc:5«ffi« 

pJSET&^o it^JF B ARCOmffiCOm^^^tC^tt^W 
iSti, »8SFBAR©«ffi©«S»»«Ci3ttS*S«fcO 

[0 0 7 5] Z(Dm^lZ£^T. *mm<D&M£f3iZ>^ 

Mi&m&w*>frizt£titc&. *¥zw\z. m^nrzmm 
[0 0 7 6 ] mtiz. *&m<D&m<Dj»i&&Em-r2>. 

[0 0 7 7 ] 1. ^lO^h, m2G>#-b&ZfX 

3<o#-ht. mzmi<D#-btmzm3<D#-ht 
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;i^*K#fis (fbar) ^sntv^ai©t« 
*i*ft*«MA;wt**M (fbar) 

[0 0 7 8] 2. 89EFBAR^n-en*lBH«[ft 

BAR^ ttrEfi^J^tC^^nSHffEFBAR 

<DfflE*««KS£ttSfc*. 

±E 1 E*©2IS«J*«. 

[0 0 7 9] 3. WES2©*«7^M©S(lE*f 
l:t*nSB«EFBAR^ t#tLT, 2 00*W 
*fi««*&«IA*±E2E«<D3IS«J«». 

[0 0 8 0] 4. »E»2©ff«7-{Ma)tlEJff 
WSWHEFBAR^ 4#ilT, 30J^_h<£>H 
ft**fi«»*fc&fltAS±E2E»©2g««». 

[0081] 5. mzm2<D&i&y4)i>?<£>mmmi L 

i:t*n5UEFBAR^ ±T> SttSAfiMttRS: 
fx.^±E 2 E«OjS««tftS. 

[0082] 6. mm&myjjipnmzm^v'Pte 

<£hl-D\Z. ^bCFBARM^J^tSSjOy 

* *a^*n* ±e 2 mmoym^m^ 

[0 0 8 3] 7. B9E^2(D««7>r;^<Z)H9Efi^J 
*fl:§tnSHJEFBAR^ £T> HDAfiHi&R 

mE»2©»«7-r;^©«fE»K* : ? 1 Jc$* 

ft-SMEFBAR^ ±X. nHmm2<D&i&ys<)l?<D 
«TEi»^J*^lc**n*mEFBAR©WE*««JSI[ft 

tua&s, rai;*fiHjft»*«i^*±E6E«<o3is 

[0 0 8 4] 8. IIIESl©f*7>fWRt;itE* 

^i^.T^ D , SttE»l©W«7-f^a>ME#*JilB 
SCME»*TIR©-5W«, SJE»2<z>»«7-r;^© 
ME#«±RatfttE#«TIB0!>t)5-*Jc«ttO, ml 
EFBAR*»B*t/V>^>xm. fl9E*tffiK> 
99 9». »EIBl©»«7-r;^©WE»«±IHktf 
89E#«TIBafctf KiSEfe 2 cd«^ 7 >r ;^Oi9ES« 
±R»tf#«TR© 1 ^l:»Kt-5»»ftT, fl»E#tt 

A£±E 6 Efta>SS«NMB. 
[0 0 8 5] 9. 89E»K*^<Z>lo{C^Sn^ffifE 
FBAR^ Sl(DFBAR<h, (tfifBgl 1 CD F B A R £ 
I^ftt82<OFBARt 1 «rilA-5±E2E*a)a 

[0 0 8 6] 10. ilEFBAR^ fn^n, AS 



(11) ^^2 0 0 1 -2 4 4 7 6 
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Ei^lC^Jtl^iEFBAR^ ±#£LT. 2^^ 
»***SHtt»*«IA*±E 1 E«<D2I*«*«. 

[0 0 8 7] ii. wefbar^ fn-fn, 

^SSfc^teA. HaE»«7-f J^0)^< < i: ! bloa)Ha 
E^Kl-ftitlSMEFBAR^, i*<hLT. 3 OJ^ 
±a>Aft*ftSHttfteff*.*±B 1 ES0&3HHA 

[0 0 8 8] 12. iJEFBAR^ fftfn, ftS 
10 ME#«7^JU^O^ft<it)lO©W 
E*^«C&*nS89EFBAR^ 
&R£S*-£±fB 1 E«E<0i2l3a»«. 

[0 0 8 9] 13. ME»«:7-f ^©fflfi*^©^ 

&<£fci-pic, $^{c, -enic^sn^HtifBFBAR 
[0090] 14. Mt&m2 <D#m7 jnomsm. 

HX^tnSIIIEFBAR^ Hl^AfiHft 
MtElB 2 ©t«7 ©«E»B*^ left 
20 SnSltEFBAR^ ±T, »E*2©««7^W 
©fflEfi^J^fC^^n^HffEF BAR<0H9E*fiffl« 
RiiteSfcS. Bi;*SHKSm5±E13E*© 

[0 0 9 1 ] 15. |»E*l©ff«7>r;WRtf»E 

S2©»«7^w^ -en-en, #«±is£#«tib 
^ti50, ME»ia>#«7-f;^ottE#«±R 

MEffaiiiRRrxmEftijtTiH©*)^— m 

EFBAR^B*t/V>?>X*«A. lESSft^> 
30 ?99ifi. W(ElBl©««7-<;i/^©ME#«±IB»tf 
NE*4rFRtttf R:MEK 2 * ;i^a>«&E#« 

^.5±E1 3Et0MWo 

[0 0 9 2] 16. »E*«rf>y>**«. ltE»B 
sjS-^© 1 OtC^^n^fltrlBF BARtl^lt^^ 
±E1 3E«©2£Sffl«S. 

[0 0 9 3] 17. ItE^K*^©!^^ «TE*2 
©ff «7 ;^©«E»B*f © 1 OT»5±E 1 6 IB 
40 tt<Z>££«)!!t». 

[0 0 9 4] 18. ■ ME»B*?®ioi:*snstt 

EFBARtf. ^l©FBAR(h, iWfBfg 1 © F B A R 

^tt^j^^-rm2<DFBAR^, *mz.z>±mimm(D 
[0095] 19. zziz. mzmmyjjipv'pu 

< t fc 1 oK*5tt£i»E#8&*7-0> 2 o(c«-r^> AiiS 

*»tt<fcii[^j^r«sb-i'>^^*$e>jcfflx.s±E 

1 Ei©l§ME 

[0 0 9 6] 2 0. iHMFPt. B 

50 mm^t. ntsmn*^'Btxfnm»»m=f-ifi. 



(12) 

21 

&Tgii£i&$:&j&-?2>&oizmmt<ti* mammon 
^titmvuw ?*tt«fis (fbar) ^tsik^m 
m 

[0 0 9 7] 2 1. atlE F BAR^', t^ilt, 2 
[0 0 9 8] 2 2. fflEFBAR**. iftibt, 3 
[0 0 9 9] 2 3. huEFBARt^ g&£>5& 10 

[oioo] 24. BaE*^<04>ft<£fc $ 
^nic^£n*FBAR£it^j££rfffiift< >^ 

[0101] 25. IHEFBAR^ -tft-Pft, 

^, ±T. Hi; WE»K*^Jc^* 
mfE FBAR^, ±T> H9EH^J^»C^^tlSHa 
EFBAR©KE«SH8»tttSas, ftL^fiBR 
»^IA§±E2 4Ett<D2l£tta«. 20 
[0 10 2] 2 6. «1AV^M*B(FBA 
R) £fc 1^\ toFBAR^IHW 

S&^T^£, FBAR0lS7U^T^-9t, S2© 

Kmnmom&m 1 ©^SKKiasnfcsi 1 

WEffi««©mE*2©*aH»cE«$nfctB2 0 
m«£, ttE*2©«8©l^«IE*10* 
ioiotl&sfiii:, hJEFBARoio^ws 

ffiEffi<&FBAR£#fiHi£Sa*Sfc:*fl»EFBA 
R©lO^«fi8-rSHtrE«ffi^ H&Effi<BFBAR£J& 30 
^TsmElroifitiMtil^dW.i:^ FBARI 

[0 10 3] 2 7. i}Ei©FBARi:*fiHi6»^ 
S&SiEF B A R© 1 O^MTSSJEf i^, h9E 

-To 

[0 10 4] 2 8. tuEFBAR^ «^S!IhI8S OIlL 

fltrEFBAR(DflaE*ffi^ e«Hi;a^f*€rs[$*« 

A> ME»K^Sr««T§HtfEFBARCOHtfEmffi 40 
fJEE?"l*f *«*tSS8EF B AROiJEtS© 

WE«^€rj»$^ttjitt*. mmcmfrttzmz*: 

■A5±E2 6Et©*97H. 
[0 10 5] 

-ir^Sy^ - 7>f;^XttSAW 
7 4 \Z bfciHS^Scfc 0 0 /h^tCT' 50 



^r^2 001-24476 

22 

[0 1] (a) hL MM/t^»*ft««S (FBAR) 
©iBit^O, (b) tt, FBAR(0^H8BlHlK«:*"r 
0&0-C&9, (c) FBAROOtf-y>X| 

[02] m\<DmMmmtz&zm&wm^&jf;?®&m 
[03] (a) *muz&*2k&w&&Rzmm7 

4 )V^(D—^L LTffl £ <ha*njffift FBAR7W 

(b) fcL 

BAR7K ^tWIT^^o 

[0 4] S2co*ss^iijc^s2is««is^^-r[HiK^ 

[0 5] SI3(D%t£»ttk:ffi^2l3«0ai8S«:^r@ISBI 

[0 7] si«*«&tf*«#*<o**»dc**r, 

5 2 EEHil 
5 4 -)xil/ 
5 6 Sffi 

5 8,6 0 mm 

6 6, 6 8 

1 0 0 SS«tfe« 

101, 103, 105 mm FBAR 

102 iitfff F BAR7K 

104 §IFBAR7K 

1 0 7, 1 0 9 ^FBAR 

111, 113, 115 lE^J FBAR 

121, 123, 125, 127 #j&FBAR 

1 2 4 i*fttf- h 

126 §{ftf-h 

128 • b 

1 3 4 9 0° 

1 4 5 #ii«ift 

2 0 0 

201, 203, 205 mm FBAR 

2 0 2 SBFBAR7K 

2 0 4 SSFBAR7K 

2 0 7, 2 0 9 ^?§FBAR 

211, 213, 215 lE^JFBAR 

2 2 1, 2 2 3, 2 2 5, 2 2 7 MFBAR 

241, 243 m&mm-f 

231, 223, 225, 227 ftttM9b<> & 9 9 



(13) 



W§H2 001-24476 



[mi] im3] 




I. BSD 1.960 
H&R CHHa) 



(14) #§12001-24476 




(71)mSA 399117121 (72) >?3 > • 5V - • > • K 

395 Page Mill Road P 7^U*^*H *'j7*^-7«, /t 

alo Alto, California □ • 7^h L) 

U. S. A. (72)»9i# 'J^-f-K • • ;nf- 

n-/1— ^ (SJft&U 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



Bibliography 

(19) [Publication country] Japan Patent Office (JP) 

(12) [Kind of official gazette] Open patent official report (A) 

(11)' [Publication No.] JP, 2001-24476, A (P2001-24476A) 

(43) [Date of Publication] January 26, Heisei 13 (2001. 1.26) 

(54) [Title of the Invention] Duplexer 

(51) [The 7th edition of International Patent Classification] 

H03H 9/70 

9/25 

H04B 1/50 
[FI] 

H03H 9/70 
9/25 A 
H04B 1?50 

[Request for Examination] Un-asking. 
[The number of claims] 1 
[Mode of Application] 0L 
[Number of Pages] 14 

(21) [Application number] Application for patent 2000-160387 (P2000- 
160387) 

(22) [Filing date] May 30, Heisei 12 (2000. 5.30) 

(31) [Application number of the priority] 09/324618 

(32) [Priority date] June 2, Heisei 11 (1999. 6.2) 

(33) [Country Declaring Priority] U. S. (US) 
(71) [Applicant] 

[Identification Number] 399117121 

[Name] Horse mackerel RENTO Technologies ink 

[Name (in original language)] AGILENT TECHNOLOGIES, INC. 

[Address] American California Palo Alto The Paige Mill load 395 

[The address or an address sale order online processing system notation] 

395 Page Mill Road Palo Alto, California U.S.A. 



(72) [Inventor (s)] 
[Name] Paul Dee Bradley 

[Address] United States of America California, Mountain View (with no 
address) 

(72) [Inventor (s)] 

[Name] John Dee Lars son Saad 

[Address] United States of America California, Palo Alto (with no 
address) 

(72) [Inventor (s)] 
[Name] Richard C ruby 

[Address] United States of America California, Menlo Park (with no 

address) 

(74) [Attorney] 

[Identification Number] 100105647 
[Patent Attorney] 

[Name] Oguri Shohei (besides four persons) 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



Epitome 



(57) [Abstract] 

[Technical problem] It has the filter shape steep enough by which the 
dependability of a duplexer or the stability of a filter shape is not 
spoiled by the power level exceeding 1W, and the miniaturized duplexer 
which does not need individual alignment is offered. 

[Means for Solution] This invention offers the duplexer of the FBAR base 
including the series circuit connected between the 1st band-pass filter 
and the 2nd port which were connected between the 1st port, the 2nd port, 
the 3rd port, the 1st port, and the 3rd port, and the 3rd port. The 1st 
ladder mold circuit equipped with the shunt component and the serial 



component is included in the 1st band-pass filter. The thin film bulk 
acoustic wave resonator is contained in the component of the 1st ladder 
mold circuit, respectively. In the series circuit, the 2nd band-pass 
filter and 90-degree phase shifter which makes a serial are contained. 
The 2nd ladder mold circuit equipped with the shunt component and the 
serial component is included in the 2nd band-pass filter. FBAR is 
contained in the component of the 2nd ladder mold circuit, respectively. 
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CLAIMS 



[Claira(s)] 

[Claim 1] The duplexer characterized by providing the following The 1st 
port, 2nd port, and 3rd port The 1st band-pass filter with which it 
connects between said 1st port and said 3rd port, the 1st ladder mold 
circuit equipped with the shunt component and the serial component is 
included, and the thin film bulk acoustic wave resonator (FBAR) is 
contained in each of said component The series circuit which is 
connected between said 2nd port and said 3rd port, and is equipped with 
the 2nd band-pass filter and 90-degree phase shifter which makes a 
serial The 2nd ladder mold circuit where a preparation and said 2nd 
band-pass filter are equipped with a shunt component and a serial 
component, and each of said component has a thin film bulk acoustic wave 
resonator (FBAR) 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the duplexer which is 
an electronic component, and relates to the duplexer which is the 
electronic component especially used for a large power radio frequency 
circuit. 
[0002] 

[Description of the Prior Art] In many various communication link 
applications, the common signal path is combined to both the input of a 
receiver, and the output of a transmitter. For example, in the case of 
transceivers, such as a cellular phone or a cordless telephone, it is 
possible to combine an antenna to the input of a receiver and the output 
of a transmitter. In such a configuration, the input of a common signal 



path and a receiver and the output of a transmitter are combined using a 
duplexer. Required association is enabled, from an antenna, the 
modulation sending signal generated with the transmitter in coincidence 
combines with the input of a receiver, and is returned, and a duplexer 
prevents applying an overload to a receiver. 

[0003] The gestalt of the already established duplexer is a half-duplex 
duplexer. Sir face acoustic wave device F0- published from academic 
publication of New York about the half-duplex duplexer — mobile — 
P253-272 (SURFACE ACOUSTIC WAVE DEVICESFOR MOBILE AND WIRELESS 
COMMUNICATION., pp. 253-272, Academic Press, New York (1988)) of - and - 
wireless communication has the description by Mr. C KE Campbell (C. 
KCampbell). In a half-duplex duplexer, an antenna is connected to a 
receiver or a transmitter at a time-sharing type using a switch. 
Although the half-duplex duplexer is equipped with the outstanding joint 
property and the outstanding damping property, since both sides can talk 
to coincidence (it is heard), it is the solution technique 
nonpermissible about a telephone application. 

[0004] It is a full duplex duplexer in description according [ the 
duplexer of a gestalt with more high permissible possibility ] to Mr. 
Campbell too about a telephone application. In order to enable use of a 
full duplex duplexer, a sending signal must be a different frequency 
from an input signal. There is no switch in a full duplex duplexer, and 
the band-pass filter which separates a sending signal from an input 
signal based on the frequency of a signal is incorporated. Drawing 6 is 
the block diagram showing the conventional front end circuit 10 used for 
a cellular phone, personal communication system (it is called PCS below 
Personal Communication System;), or other sending sets/receiving sets. 
In this case, the output of the power amplifier 12 of a transmitter 14 
and the input of the low noise amplifier (it is called LNA below Low- 
Noise Amplifier;) 16 of a receiver 18 are connected to the duplexer 20 
which is a full duplex duplexer. 

[0005] A duplexer 20 is 3 port equipment equipped with the transmit port 
24, the receive port 26, and the antenna port 28. It connects with a 
transmit port 24 through a band-pass filter 30, and the antenna port 28 
is connected to the receive port 26 through the 90-degree phase shifter 
34 and band-pass filter 32 which make a serial configuration. The 
passband of band-pass filters 30 and 32 is centered on the frequency 
range of the input signal which can align the frequency range and 
receiver 18 of a sending signal which are produced with a transmitter 14, 
respectively. In illustration, the band-pass filter is constituted so 
that the RF rejection band region of a band-pass filter 30 may lap with 



the passband of a band-pass filter 32 and the low-pass frequency 
rejection band region of a band-pass filter 32 may lap with the passband 
of a band-pass filter 30. 

[0006] The requirements for the band-pass filters 30 and 32 which 
constitute a duplexer 20 are very severe. A band-pass filter separates 
the very weak input signal produced from the strong sending signal 
produced with power amplifier 12 with an antenna 22, and inputs this 
input signal into the input of a low noise amplifier 16. Generally, the 
sensibility of a low noise amplifier 16 is [ about ]. -It is about 
lOOdBm and power amplifier 12 can input the electric energy of about 
28dBm into a duplexer. In this case, a duplexer must attenuate only 
about 50dB of sending signals between the antenna port 28 and a receive 
port 26 in order to prevent that the residual sending signal mixed with 
the input signal by the receive port applies an overload to a low noise 
amplifier. 

[0007] One type of the mobile phone which is spreading gradually is PCS 
(henceforth CDMA PCS) using a code division multiple access (it is 
called CDMA below Code Division Multiple Access;). It is P501-509 (T. 
S. Rapport, ed. , CELLULAR RADIO & PERSONAL COMMUNICATIONS, VOL. 2, pp. 501- 
509, IEEE Press, Piscataway, NJ, and (1996) have description.) of 
cellular radio [ of the tea S rapport Mr. work according to IEEE 
publication of New Jersey and Piscataway about CDMA PCS ] - and the 2nd 
collection of - personal communication. CDMA PCS equipment operated in 
about 1900MHz frequency band, and has imposed strict requirements 
especially to the engine performance of a duplexer. The guard band 
between the spectrum parts assigned to the sending signal and the input 
signal is only 20MHz about 1% of carrier frequency. The bandwidth of the 
spectrum part assigned to the sending signal and the input signal is 
about 3% of carrier frequency, i.e., 60MHz. It means that this needs to 
be equipped with roll off with very sharp band-pass filters 30 and 32. 
Drawing 7 is the property Fig. of the magnitude of attenuation to the 
frequency which shows the basic configuration of a transmitting band and 
a receiving band. The property needed for band-pass filters 30 and 32 is 
shown by the broken line 36 and the line 38, respectively. 
[0008] 

[Problem(s) to be Solved by the Invention] More, a cellular phone and 
PCS equipment are always manufactured so that it may become low cost 
more small. Generally, some stack type printed circuit boards are used 
in order to hold the circuit element of PCS equipment in [ all ] package 
size. It not only must miniaturize the component attached in a printed 
circuit board, but it must satisfy the requirements about strict height. 



It is necessary for a component higher than the restricted height to 
open spacing of a printed circuit board further, and, for this reason, 
realizable packaging density falls. Moreover, the component whose height 
is too high needs to open the hole which seats these too expensive 
components in at least one adjoining printed circuit board, and will 
bring about both increases of the fall of packaging density, and 
assembly cost. 

[0009] Another problem about a duplexer 20 is the power throughput. The 
power amplifier 12 of a transmitter 14 can supply the power to 1W to the 
transmit port 24 of a duplexer 20. If the explained miniaturization is 
given, band-pass filters 30 and 32 must be able to supply power, without 
degrading the property, while using it, without being destroyed. 
[0010] The ceramic filter is used for the present generation s PCS 
equipment as a duplexer 20. However, this ceramic filter is bulky with 
about 28x8x5mm, is a component whose height is too high, and is 
expensive. The sample of such a filter shows that alignment has been 
performed according to an individual, and this causes cost of such 
equipment. 

[0011] A surface-acoustic-waves (SAW) filter is used also as a duplexer 
in a cellular phone and PCS equipment. For example Ore IKEDA in the IEEE 
international supersonic-wave symposium in Sendai in Japan in 1998, N 
NISHIHARA, Wai Sato, dirty FUKUSHIMA, and Mr. N HIRISAWA — ** — design 
0BU to depend, and an antenna duplexer you JINGU ladder type and an SAW 
filter (0.) [ Ikata, N.Nishihara, Y. Satoh H. Fukushima, and N. Hirisawa, ] 
[ A Design of Antenna Duplexer UsingLadder Type ] Please refer to SAW 
Filters, PR0C. 1998 IEEE INTERNATIONAL ULTRASONICS SYMPOSIUM, SENDAI, 
JAPAN, and paper 0-1 (Oct. 1998). In the above-mentioned CDMA application, 
the roll off of the SAW filter equipped with sufficient power throughput 
is inadequate steepness (steep). Instead, two SAW filters and electronic 
switches must be used. The upper half of a transmitting band and a 
receiving band is covered by one side of a filter, and the lower half of 
a transmitting band and a receiving band is covered with another filter. 
The filter which suits with an electronic switch based on the part into 
which the PCS equipment of a transmitting band and a receiving band is 
operating is chosen. Therefore, further out of order [ duplexer / it is 
bulky, so that it is nonpermissible, and / the duplexer which used the 
SAW filter as the base is complicated expensive, and / if a surge arises 
in transmitter output power ]. 

[0012] This invention is CDMA by which it is made in view of the above- 
mentioned situation, and the dependability of a duplexer or the long 
term stability of a filter shape is not spoiled for separation with a 



transmitting band and a receiving band by the power level of clock 
frequency which does not pass to about 1% only, but exceeds 1W. It aims 
at offering the duplexer which equips enabling use in the application of 
PCS equipment etc. with a filter shape steep enough. Moreover, another 
purpose of this invention also makes it the purpose to offer the 
duplexer which does not need individual alignment so that it may be 
quite smaller than the present duplexer which used the ceramic filter or 
the SAW filter as the base and a manufacturing cost can be kept low. 
[0013] 

[Means for Solving the Problem] This invention offers the duplexer of 
the FBAR base including the series circuit connected between the 1st 
band-pass filter and the 2nd port which were connected between the 1st 
port, the 2nd port, the 3rd port, the 1st port, and the 3rd port, and 
the 3rd port. The 1st ladder mold circuit equipped with the shunt 
component and the serial component is included in the 1st band-pass 
filter. The thin film bulk acoustic wave resonator (it is called FBAR 
below FilmBulk Acoustic Resonator;) is contained in the component of the 
1st ladder mold circuit, respectively. In the series circuit, the 2nd 
band-pass filter and 90-degree phase shifter which makes a serial are 
contained. The 2nd ladder mold circuit equipped with the shunt component 
and the serial component is included in the 2nd band-pass filter. FBAR 
is contained in the component of the 2nd ladder mold circuit, 
respectively. 

[0014] FBAR contained in at least one component of a band-pas's filter 
can have two different resonance frequency as a whole. 
[0015] FBAR contained in at least one component of a band-pass filter 
can have three or more different resonance frequency as a whole. 
[0016] All FBAR(s) contained in at least one component of a band-pass 
filter can have different resonance frequency. 

[0017] The auxiliary inductor which makes further FBAR contained in it 
and a serial can be included by at least one of the components of a 
band-pass filter. 

[0018] All FBAR(s) contained in at least one serial component of a band- 
pass filter can have the same resonance frequency, and all FBAR(s) 
contained in at least one shunt component of a band-pass filter can have 
the same different resonance frequency from the resonance frequency of 
FBAR contained in a serial component. 

[0019] Shunt capacitance is contained in FBAR which makes an auxiliary 
inductor and a serial, and the auxiliary inductor equips it with the 
INDAKU dance which produces shunt capacitance and series resonance in 
the frequency corresponding to the band upper limit of the 1st band-pass 



filter, the band minimum of the 1st band-pass filter, the band upper 
limit of the 2nd band-pass filter, or the band minimum of the 2nd band- 
pass filter. 

[0020] It is possible for the auxiliary inductance which makes the 
common-electrical-ground connection to two shunt components and the 
serial in at least one of the band-pass filters to be further included 
in a duplexer. 

[0021] The 1st FBAR and 2nd FBAR which make a serial can be included by 
FBAR contained in one of the shunt components. 

[0022] According to this invention, including a shunt component and a 
serial component, a serial component and a shunt component are connected, 
a ladder mold circuit is formed, and the band-pass filter with which 
FBAR is contained in each of a component is also obtained. 
[0023] Finally, this invention offers the accumulation array of FBAR 
from which other FBAR(s) and resonance frequency differ [ at least one 
of the FBAR(s) ]. The piezo-electric layer including the 1st main front 
face which faced the 2nd main front face is contained in the 
accumulation array. The 1st electrode arranged on the 1st main front 
face of a piezo-electric layer and the 2nd electrode arranged on the 2nd 
main front face of a piezo-electric layer are further contained in the 
accumulation array. One of the FBAR(s) is formed in each of the location 
where one of the 2nd electrode laps with one of the 1st electrode. Other 
electrodes and thickness with weight (weighted thickness) in which the 
electrode which forms one of other FBAR(s) and the FBAR(s) from which 
resonance frequency differs forms other FBAR (s) differ from each other. 
[0024] 

[Embodiment of the Invention] As for patent reference in recent years, 
FBAR has a publication. For example, the U.S. Pat. No. 5,587,620 
official report (it uses in this specification) transferred to the 
grantee of this invention has the publication of FBAR. Drawing 1 (a) is 
the sectional view showing FBAR50. 

[0025] FBAR50 is equipped with the piezo-electric (suspend) layer 52 
hung in the periphery on the well 54 formed in the substrate 56, and is 
constituted. Electrodes 58 and 60 are arranged in the opposite front 
face of the part which laps on the well of a piezoelectric device. 
Electrical installation is performed to electrodes 58 and 60 through 
terminals 66 and 68, respectively. The piezo-electric layer 52 and 
electrodes 58 and 60 form the piezo-electric resonator stack 62. A 
piezo-electric resonator stack answers in electrical-potential- 
difference the magnitude and the direction which are impressed to inter- 
electrode, and is elongated and contracted in the direction displayed by 



the arrow head 64. 

[0026] The piezo-electric resonator stack 62 constituted by having the 
piezo-electric layer 52 and electrodes 58 and 60 is hung in the 
periphery, and as for a piezo-electric resonator stack, both form an 
acoustic wave resonator with high Q, when the main front face is in 
contact with air, other perimeter gas, or a vacuum. The AC signal added 
to electrodes 58 and 60 through terminals 66 and 68 is equipped with the 
frequency equal to the value which broke the acoustic velocity in a 
piezo-electric resonator stack by the twice of the thickness with weight 
of a stack. That is, in the case of fr=c/2t0 (here, fr is resonance 
frequency, c is the acoustic velocity in a stack and tO is the thickness 
with weight of a stack), a piezo-electric resonator stack resonates with 
the signal. Since the acoustic velocity in the ingredient which 
constitutes a stack differs in each, the resonance frequency of a piezo- 
electric resonator stack is not physical thickness, and is decided by 
thickness with weight. 

[0027] When it is the example of FBAR50 which resonance produces in 
about 1900MHz, a substrate 56 is the wafer of single crystal silicon, 
the piezo-electric layer 52 is a layer of the alumimium nitride (AIN) 
whose thickness is about 2 micrometers, and electrodes 58 and 60 are the 
layers of the molybdenum whose thickness is about 0. 1 micrometers. In 
this thin film, since an electrode constitutes most part of the mass of 
the piezo-electric resonator stack 62, molybdenum is a desirable 
ingredient about an electrode. Therefore, the acoustic feature of an 
electrode material has remarkable effect on Q of a piezo-electric 
resonator stack. Molybdenum is equipped with the outstanding acoustic 
feature compared with common electrode materials, such as gold and 
aluminum, and it enables the quality of the material to have Q with 
FBAR50 [ higher than the electrode of other ingredients ] with the 
electrode of molybdenum. It is indicated by the United States patent 
application 09th transferred to the grantee of the above-mentioned 
patent official report and this invention / 088, and the No. 964 
official report (it uses in this specification) about the structure of 
FBAR, and the further detail about manufacture. 

[0028] Drawing 1 (b) is the circuit diagram showing the equal circuit of 
FBAR50. The main reactance component is the shunt capacitance Cp which 
is capacitance of the capacitor formed of electrodes 58 and 60 and the 
piezo-electric layer 52. A piezo-electric layer is the dielectric of a 
shunt capacitor Cp. Resistor Rp expresses the series resistance of the 
shunt capacitance Cp. An inductance LM and capacitance CM express the 
inductance and capacitance of the piezo-electric resonator stack 62. 



Resistor RM expresses loss of a piezo-electric resonator stack. Resistor 
RS expresses the serial electric resistance of connection between 
terminals 66 and 68 and the piezo-electric resonator stack 62. 
[0029] Drawing 1 (c) is the property Fig. showing the relation of the 
impedance |Z| multiplier and frequency which are measured between a 
terminal 66 and a terminal 68. An impedance descends gradually for the 
impedance drop of the shunt capacitance Cp as a frequency increases. 
Finally an impedance reaches the minimum value by the series resonating 
frequency between the mechanical inductance LM and the mechanical 
capacitance CM. Then, an impedance rises rapidly and reaches a peak 
price by the parallel resonating frequency between the mechanical 
capacitance CM and the shunt capacitance Cp which were combined with the 
mechanical inductance LM and the serial. Since shunt capacitance is 
about 20 times the mechanical capacitance, the delta frequency of series 
resonance and parallel resonance is small. When a frequency exceeds a 
parallel resonating frequency, an impedance shows a steep descent. When 
mentioning the resonance frequency of FBAR in this indication, as long 
as there is no special description, it should be interpreted as what 
made reference about the parallel resonating frequency of FBAR. 
[0030] Drawing 2 is the circuit diagram showing the duplexer 
incorporating the transmitting FBAR array 102 and the receiving FBAR 
array 104 concerning the 1st operation gestalt of this invention. A 
duplexer 100 is CDMA. It is 3 port equipment including the transmit port 
124 suitable for using for PCS equipment, a receive port 126, and the 
antenna port 128. A duplexer is equipped with the receiving band-pass 
filter 132 containing the 90-degree phase shifter 134, the transmitting 
band-pass filter 130 containing the transmitting FBAR array 102, and the 
receiving FBAR array 104, and is constituted. The transmit port 124 is 
connected to the antenna port 128 through the transmitting band-pass 
filter 130. The antenna port 128 is connected to the receive port 126 
through the 90-degree phase shifter 134 and the receiving band-pass 
filter 132 which make a serial configuration. 
[0031] When used for PCS equipment, a cellular phone, or other 
transmission/receiving sets, in the same circuitry as the circuit shown 
in drawing 2 , the antenna port 128 of a duplexer 100 is connected to an 
antenna (not shown), a transmit port 124 is connected to the output of a 
transmitter (not shown), and a receive port 126 is connected to the 
input of a receiver (not shown). The passband of band-pass filters 130 
and 132 is centered on the frequency range of the input signal which can 
align the frequency range and receiver of a sending signal which are 
produced with a transmitter, respectively. In the case of the example of 



illustration, transmission and the receiving band-pass filters 130 and 
132 lap with the passband of the receiving band-pass filter 132 with 
which the RF rejection band region of the transmitting band-pass filter 
130 containing the transmitting FBAR array 102 contains the receiving 
FBAR array 104, and the low-pass frequency rejection band region of the 
receiving band-pass filter 132 is constituted so that it may lap with 
the passband of the transmitting band-pass filter 130. 
[0032] Next, the structure of the transmitting band-pass filter 130 is 
explained. A transmitting band-pass filter is equipped with the 
transmitting FBAR array 102, and is constituted. The transmitting FBAR 
array 102 is equipped with the serial FBAR 101, 103, 105 and shunt 
FBAR107, 109 which were connected so that a ladder mold circuit might be 
formed, and is constituted. The serial FBAR is connected to the serial 
between the transmit port 124 and the antenna port 128, and the shunt 
FBAR107 is connected between the ground and the node between a serial 
FBAR 103 and a serial FBAR 105. Therefore, in the case of the example of 
illustration, FBAR 101 and 103,105,107,109 forms 21/2 step of ladder 
mold circuit. However, the number of stages in a ladder mold circuit is 
not important for this invention. In the FBAR array 102, the number of 
the half-stages which consist of the number of whole pages and one 
serial FBAR, or one shunt FBAR which consists of one serial FBAR and one 
shunt FBAR, respectively, respectively is decided by the property of 
each FBAR which constitutes the filter shape and the transmitting FBAR 
array 102 of a request of the transmitting band-pass filter 130. For 
example, a transmitting band-pass filter is a two-step filter without 
FBAR105 suitably. 

[0033] Next, the structure of the receiving band-pass filter 132 is 
explained. The receiving band-pass filter 132 is equipped with the 
receiving FBAR array 104, and is constituted. The receiving FBAR array 
104 is equipped with the serial FBAR 111,113,115 and shunt 
FBAR121, 123, 125, 127 which were connected so that a ladder mold circuit 
might be formed, and is constituted. The serial FBAR is connected to the 
serial from the antenna port 128 between the edge of the remote 90- 
degree phase shifter 134, and the receive port 126. The shunt FBAR121 is 
connected between the nodes between the edges of the remote 90-degree 
phase shifter 134 from the ground, the serial FBAR 111, and the antenna 
port 128. The shunt FBAR 123 is connected between the ground and the node 
between FBARserial FBAR 111 and serial 113, the shunt FBAR125 is 
connected between the ground and the node between FBARserial FBAR 113 
and serial 115, and the shunt FBAR127 is connected between the ground 
and the node between a serial FBAR 115 and a receive port 126. Therefore, 



in the case of the example of illustration, FBAR 111, 113, 115, and 
121, 123, 125, 127 forms 31/2 step of ladder mold circuit. However, the 
number of stages in a ladder mold circuit is not important for this 
invention. The number of whole pages needed and the number of half- 
stages are decided by the property of each FBAR which constitutes the 
filter shape and the receiving FBAR array 104 of a request of the 
receiving band-pass filter 132. 

[0034] The circuit suitable for using as a 90-degree phase shifter 134 
is common knowledge in the technique concerned. For example, the 90- 
degree phase shifter 134 can have and constitute a concentration 
inductor and a capacitor, or lambda / 4 transmission lines. 
[0035] In order to design the FBAR arrays 102 and 104, respectively so 
that the filter shape of a request of the transmitting band-pass filter 
130 and the receiving band-pass filter 132 may be obtained, an artificer 
is HP of California and the Westlake village. The microwave design 
simulator of marketing called the microwave design system (MDS) 
(Microwave Design System (MDS) and release 7.0 (1996)) currently sold by 
EEsofCorp. was used. Each FBAR of each FBAR array was modeled using the 
corrected butterworth-Van Dike circuit (Butterworth-VanDyke circuit) 
which is shown in drawing 1 (b). this design simulator optimized area, 
and it was used in order to calculate the resonance frequency for which 
FBAR of the FBAR array 102, 104 which boils, respectively and can be set 
is needed, an artificer — a physical simulator — using — every — 
every which models the piezo-electric resonator stack (a sign 62 shows 
to drawing 1 (a)) of FBAR, clarifies the physical characteristic of the 
layer which constitutes a piezo-electric resonator stack, and realizes 
resonance frequency needed — the thickness of the piezo-electric 
resonance stack layer which constitutes FBAR was calculated. About this 
simulator, mass CAD 8 (Mathcad 8) currently sold in the mass software 
ink (Mathsoft, Inc.) of Massachusetts Cambridge has a publication, it 
was published from academic publication of New York State in 1964 — "— 
the [ physical acoustic pudding SHIPARU- and - method ] — collection 
[ of 1. 1A ]" 0 [ PHYSICAL ACOUSTICS PRINCIPLES ] The model explained by 
Mr. W Py MASON (W. P. Mason) in AND METHODS, Vol. 1A, pp. 239-247, Academic 
Press, and New York (1964) is used as the base. 

[0036] CDMA Since the filter shape of a request of the transmitting 
band-pass filter 130 of the duplexer 100 of PCS equipment obtains, the 
serials 101-FBAR 105 which constitute the transmitting FBAR array 102 
can have the same resonance frequency altogether, and both shunt 107 and 
FBAR 109 can have the same resonance frequency. However, the resonance 
frequency of a serial FBAR is higher than the resonance frequency of 



Shunt FBAR about 3%. 

[0037] The filter shape of a different transmitting band-pass filter 130 
from the filter shape obtained by the transmitting FBAR array 102 
equipped with the same resonance frequency with which all the serials 
FBAR are equipped with the same resonance frequency, and all the shunts 
FBAR differ from the resonance frequency of a serial FBAR may be needed 
depending on an application. In this case, a transmitting FBAR array can 
have and constitute FBAR which has two or more different resonance 
frequency as a whole. 

[0038] The FBAR array 104 used for the receiving band-pass filter 132 
can also have and constitute a shunt FBAR equipped with the same 
resonance frequency which is altogether different from the serial FBAR 
altogether equipped with the same resonance frequency with the resonance 
frequency of a serial FBAR. However, CDMA In the case of the duplexer 
100 of PCS equipment, it is necessary for the receiving band-pass filter 
132 to attenuate the sending signal in the antenna port 128 to a low to 
the extent that an overload is not added to the amplifier of the low 
noise in the high sensitivity of the receiver connected to the receive 
port by the residual sending signal mixed with the input signal in a 
receive port 126. Therefore, the requirements for sending-signal **** of 
the receiving band-pass filter 132 will become quite severer than the 
requirements for input-signal **** of the transmitting band-pass filter 
130. If today' s FBAR manufacture technique is used, it is difficult to 
satisfy the requirements for **** about the embodiment of the receiving 
FBAR array 104 which a serial FBAR is altogether equipped with the same 
resonance frequency, and is equipped with the same resonance frequency 
in which Shunt FBAR differs from the resonance frequency of a serial 
FBAR altogether. 

[0039] It sets to the receiving FBAR array 104, and is CDMA. Although 
all the shunts FBAR are not equipped with the same resonance frequency 
since the filter shape of a request of the receiving band-pass filter 
132 of PSC equipment is obtained, a serial FBAR can have the same 
resonance frequency altogether. If it puts in another way, as for FBAR 
which constitutes a receiving FBAR array, it is desirable to have three 
or more different resonance frequency as a whole. It is also possible to 
have the resonance frequency from which all FBAR(s) that constitute a 
receiving FBAR array depending on the case differ. 

[0040] In order to interleave the property of the transmitting band-pass 
filter 130 and the receiving band-pass filter 132 so that the resonance 
frequency of a serial FBAR 111, 113, 115 of the receiving FBAR array 104 
may be mentioned later in the case of the example of illustration, it is 



higher than the resonance frequency of a serial FBAR 101, 103, 105 of the 
transmitting FBAR array 102 about 80MHz. 

[0041] The accumulation FBAR array equipped with the interconnect FBAR 
of the shoes recently manufactured on a general piezo-electric layer is 
manufactured. As the transmitting FBAR array 102 and a receiving FBAR 
array 104, somatization of manufacture of the very small duplexer 100 is 
attained by using such an accumulation FBAR array. Drawing 3 (a) and 
drawing 3 (b) are structural drawings showing the FBAR array 70 
constituted by having six FBAR(s) 72, 73, 74, 75, 76, and 77 which 
interconnected so that a ladder mold circuit which is needed for the 
FBAR arrays 102 and 104 might be formed. The piezo-electric layer 78 is 
hung in the periphery on the well 80 formed on the silicon substrate 82 
like single FBAR50 shown in drawing 1 (a). Electrodes 83, 84, 85, 86, 
and 87 are arranged from the substrate of a piezo-electric layer front 
face at the remote part. The electrode 88 and electrode 89 which were 
shown in drawing 3 (a) with the broken line are arranged at the part 
which faced the substrate of a piezo-electric layer front face. FBAR is 
formed in the place with which the electrode on the front face of both 
sides of a piezo-electric layer laps. For example, FBAR72 is formed in 
the place with which an electrode 83 and an electrode 88 lap. 
[0042] As a suitable alternative to the single well 80 formed in the 
substrate 82, when every one two or more wells are formed in a substrate 
at each of FBAR 72-77, FBAR will be hung on each well, respectively. By 
preparing the well according to individual in each of FBAR, Q of FBAR 
becomes high and dependability improves. 

[0043] Each outline of FBAR 72-77 is shown by the chain line. The 
profile configuration of FBAR shown in drawing 3 is considerably 
stylized, in order to simplify a drawing. Actual FBAR has an irregular 
configuration and is equipped with the un-parallel side face in which 
die length differs as it is transferred to the grantee of this 
indication and indicated by the United States patent 
application^ 09th ] No. 282,082 official report built into this 
specification for reference. If it is another appearance because of the 
un-parallel side face in which die length differs from an irregular 
configuration, generating of the spurious longitudinal direction 
resonance which makes the frequency response of FBAR deteriorate will 
decrease. Furthermore, generally FBAR(s) which constitute the FBAR array 
70 differ in area. 

[0044] It is possible to obtain square [ of the FBAR arrays 102 and 104 
of a duplexer 100 / about 0. 8 ] by mm using the accumulation FBAR array 
manufactured on a silicon substrate with a thickness of 0. 14mm, 



respectively. 

[0045] It is decided by the area and thickness of an electrode of FBAR 
that the property of individual FBAR which constitutes the FBAR array 
102 and the FBAR array 104 will be the thickness list of a piezo- 
electric layer. For example, in the case of the accumulation FBAR array 
70, the property of FBAR72 is decided by thickness of the thickness of 
the piezo-electric layer 78, the lap area between an electrode 83 and an 
electrode 88, an electrode 83, and an electrode 88. 
[0046] Since FBAR which constitutes the FBAR array 70 is sharing the 
common piezo-electricity layer 78, each resonance frequency of FBAR in 
an array is set up by deciding at least one thickness of the electrode 
of FBAR. 

[0047] In the embodiment of the accumulation FBAR array 70 used as an 
embodiment of the FBAR arrays 102 and 104 in which all the serials FBAR 
are equipped with the same resonance frequency, all the shunts FBAR are 
equipped with the same resonance frequency, and the resonance frequency 
differs from the resonance frequency of a serial FBAR, when at least one 
electrode manufactures Shunt FBAR so that it may become thicker than the 
electrode with which Shunt FBAR corresponds, the resonance frequency of 
Shunt FBAR falls to the resonance frequency of a serial FBAR. All 
FBAR(s) of the process needed for manufacture of the accumulation FBAR 
array in which all the serials FBAR equip with the same resonance 
frequency, all the shunts FBAR equip with the same resonance frequency, 
and the resonance frequency differs from the resonance frequency of a 
serial FBAR are merely somewhat more complicated than the process needed 
for manufacture of an accumulation FBAR array equipped with the same 
resonance frequency. 

[0048] FBAR — as a whole — CDMA the operative condition of the 
receiving FBAR array 104 used for the duplexer of PCS equipment — the 
operative condition of the FBAR arrays 102 and 104 equipped with three 
or more resonance frequency so that like — the electrode of FBAR is 
equipped with the thickness from which the number corresponding to the 
number of different resonance frequency differs in the embodiment of the 
FBAR array 70 used like. CDMA which an electrode is equipped with three 
or more different thickness as a whole, and can have the thickness of 
the number corresponding to the number of FBAR(s) in an array using 
today's accumulation FBAR array manufacture technique It is difficult to 
manufacture the embodiment of the accumulation FBAR array used as a 
receiving FBAR array 104 in the duplexer of PCS equipment. However, 
since a duplexer 100 consists of only two FBAR arrays 102 and 104 and 
90-degree phase shifters 134 when it does in this way and a receiving 



FBAR array is manufactured, the size of a duplexer 100 is stopped to the 
minimum. Drawing 4 is the circuit diagram showing the duplexer 
concerning the 2nd operation gestalt of this invention. Although this 
operation gestalt is large a little as compared with the operation 
gestalt shown in drawing 2 , the receiving FBAR array 204 is easy to 
manufacture using today' s accumulation FBAR array manufacture technique, 
and its cost is also low. A duplexer 200 is CDMA. Although it has the 
filter shape made into the thing suitable for the use as a duplexer of 
PCS equipment, the transmitting FBAR array 202 and the receiving FBAR 
array 204 are equipped with the shunt FBAR equipped with the same 
resonance frequency where the serial FBAR equipped with the resonance 
frequency with the all same [ both ] and all differ from the resonance 
frequency of a serial FBAR, and are constituted, respectively. It 
becomes possible to use the accumulation FBAR whose FBAR is equipped 
only with two resonance frequency as a whole as each of the FBAR arrays 
202 and 204 by this. Such an accumulation FBAR array can be manufactured 
according to the process which hardly changes complexity compared with 
the process for manufacturing the FBAR array which all the FBAR(s) equip 
with the same resonance frequency. The same sign is given to the part 
which overlaps drawing 2 and drawing 4 , and explanation is omitted. 
[0049] A duplexer 200 is 3 port equipment equipped with the transmit 
port 124, the receive port 126, and the antenna port 128, is equipped 
with the receiving band-pass filter 232 containing the 90-degree phase 
shifter 134, the transmitting band-pass filter 230 which has the 
transmitting FBAR array 202, and the receiving FBAR array 204, and is 
constituted. The transmit port 124 is connected to the antenna port 128 
through the transmitting band-pass filter; The antenna port 128 is 
connected to the receive port 126 through 90-degree phase shifter and 
the receiving band-pass filter which make a serial configuration. 
[0050] When used for PCS equipment, a cellular phone, or other 
transmission/receiving sets, in the same circuitry as what is shown in 
drawing 2 , the antenna port 128 of a duplexer 200 is connected to an 
antenna (not shown), a transmit port 124 is connected to the output of a 
transmitter (not shown), and a receive port 126 is connected to the 
input of a receiver (not shown). The passband of band-pass filters 230 
and 232 is centered on the frequency range of the input signal which can 
align the frequency range and receiver of a sending signal which are 
produced with a transmitter, respectively. In the case of the example of 
illustration, the RF rejection band region of the transmitting band-pass 
filter 230 laps with the passband of the receiving band-pass filter 232, 
and band-pass filters 230 and 232 are constituted so that the low 



frequency rejection band region of a receiving band-pass filter may lap 
with the passband of a transmitting band-pass filter. 
[0051] Next, the receiving band-pass filter 232 is explained. A 
receiving band-pass filter is equipped with the receiving FBAR array 204, 
the serial auxiliary inductor 241,243, and the shunt auxiliary inductor 
231, 233, 235, 237, and is constituted. A receiving FBAR array is equipped 
with the serial FBAR 211,213,215 and shunt FBAR221, 223, 225, 227 which 
were connected so that a ladder mold circuit might be formed, and is 
constituted. The serial auxiliary inductor 241, the serial FBAR 
211,213,215, and the serial auxiliary inductor 243 are connected to the 
serial from the antenna port 128 between the edge of the remote 90- 
degree phase shifter 134, and the receive port 126. The shunt FBAR221 
and the shunt auxiliary inductor 231 are connected to the serial between 
the nodes between a ground, the serial auxiliary inductor 141, and 
FBARserial 211. The shunt FBAR223 and the shunt auxiliary inductor 233 
are connected to the serial between the ground and the node between a 
serial FBAR 211 and 213. The shunt FBAR225 and the shunt auxiliary 
inductor 235 are connected to the serial between the ground and the node 
between a serial FBAR 213 and 215. The shunt FBAR227 and the shunt 
auxiliary inductor 237 are connected to the serial between the ground 
and the node between serial FBAR215 and the serial auxiliary inductors 
243. Therefore, in the case of drawing 4 , FBAR and an auxiliary 
inductor are connected so that a 31/2-step ladder mold circuit may be 
made. However, the number of stages of a ladder mold circuit is not 
important for this invention. The number of whole pages needed and the 
number of half-stages are decided by the filter shape of a request of 
the receiving band-pass filter 232, the property of individual FBAR 
which constitutes the receiving FBAR array 204, and the property of an 
auxiliary inductor. 

[0052] In the case of the FBAR array 204, the serial FBAR 211, 213, 215 
was altogether equipped with the same resonance frequency, and the shunt 
FBAR221, 223, 225, 227 is altogether equipped with the same resonance 
frequency. In the case of drawing 4 , the resonance frequency of a 
serial FBAR is higher than the resonance frequency of Shunt FBAR about 
3%. When the accumulation FBAR array 70 shown in drawing 3 (a) and 
drawing 3 (b) and the same accumulation FBAR array are used as FBAR204, 
the difference of resonance frequency is acquired by the additional step 
on which only the electrode of Shunt FBAR is made to deposit an 
additional metal, in order to make those mass increase. 
[0053] As the FBAR array 204 shows, it does not connect with a common 
terminal collectively, but the electrode of a shunt FBAR221, 223, 225, 227 



which is not connected to one of the serials FBAR 211,213,215 is 
connected to the independent terminal. The independent terminal enables 
it to connect the shunt auxiliary inductor 231,233,235,237 to a shunt 
FBAR221,223, 225, 227 and a serial, respectively. 

[0054] An auxiliary inductor becomes a serial to both the mechanical 
inductance LM of FBAR, and the shunt capacitance Cp by connecting an 
auxiliary inductor to one of the terminals of FBAR at a serial so that 
by inspecting the butterworth-Van Dike equal circuit which is shown in 
drawing 1 (b) and where FBAR was corrected may show. There are two main 
effectiveness, i. e. , the effectiveness of reducing the series resonating 
frequency of FBAR slightly, and effectiveness of producing additional 
series resonance in each auxiliary inductance. An auxiliary inductance 
does only very slight effect to the parallel resonating frequency of 
FBAR. 

[0055] Using the auxiliary inductor 231,233,235,237, if it is made to 
fall an amount every, the receiving band-pass filter equipped with the 
frequency characteristics of an ideal will be obtained in spite of the 
constraint that all serials FBAR in the FBAR array 204 that are 
different in the series resonating frequency of FBAR221, 223, 225, 227 
which constitutes the receiving band-pass filter 232 are equipped with 
the same resonance frequency, and all the shunts FBAR in a FBAR array 
are equipped with the same resonance frequency. 

[0056] Additional series resonance is produced between an auxiliary 
inductance and the shunt capacitance Cp. Zero are added to the frequency 
response of a receiving band-pass filter by each additional series 
resonance (additional null). The value of an auxiliary inductance is the 
high-frequency edge of the low frequency edge of : transmitting band 
planned so that additional resonance frequency may be set up and zero 
may be added to one of the following frequency domains, the crossover 
field of a transmitting band and a receiving band, and a receiving band. 
By adding zero to the frequency response of a receiving band-pass filter, 
it becomes possible to produce the attenuation to which an actual 
embodiment exceeds 50dB partially in the transmit-frequencies range. 
This magnitude of attenuation was not realized until now using the band- 
pass filter equipped with size equivalent to the band-pass filter by 
this invention. 

[0057] The above-mentioned modeling tool models a duplexer 200, and in 
spite of equipping only with two different resonance frequency FBAR 
which constitutes the FBAR array 204, it is used in order to determine 
the value of the auxiliary inductors 231, 233, and 235,237,241,243 which 
offer the filter shape of the request as the receiving band-pass filter 



232. In the case of drawing 4 , the inductance of an auxiliary inductor 
is within the limits of 2-5nH. This is small compared with the 
mechanical inductance LM of FBAR which are about 80 nH(s). Therefore, 
even if it uses the inductor in which quality is comparatively inferior 
as an auxiliary inductor, Q of the series resonance of FBAR does not 
deteriorate sharply. 

[0058] Suitably, each inductance of each shunt auxiliary inductor 
231,233,235,237 was obtained by combining with a serial the inductance 
of conductive trace of the printed circuit board attached so that the 
inductance of each bonding wire of the package of the FBAR array 204, 
the inductance of an individual chip inductor, the FBAR array 202, and 
the FBAR array 204 might form a duplexer 200. Conductive trace was trace 
which connects the pin of a package to an individual inductor and 
connects an individual inductor to a ground. Furthermore, the inductance 
about the bonding wire of the package of the FBAR array 204 was obtained 
in a part of serial auxiliary inductances [ at least ] 241 and 243. 
[0059] As mentioned above, in order that the resonance frequency of a 
serial FBAR 211,213,215 of the receiving FBAR array 204 may interleave 
the property of the above-mentioned transmitting band-pass filter 130 
and the receiving band-pass filter 132 in the case of drawing 4 , it is 
higher than the resonance frequency of a serial FBAR 101, 103, 105 of the 
transmitting FBAR array 102 about 80MHz. 

[0060] In no applications, all the auxiliary inductors 231, 233, and 
235,237,241,243 need to be contained in the receiving band-pass filter 
232. In the case of such an application, at least one of the shunts FBAR 
is able to obtain a permissible filter shape by the configuration 
connected to a direct ground like the 1st operation gestalt shown in 
drawing 2 . 

[0061] Next, the transmitting band-pass filter 230 is explained. If FBAR 
equipped with Q of sufficient height to fill the filter shape of a 
request of a transmitting band-pass filter is available, it will become 
possible to use the band-pass filter same as a transmitting band-pass 
filter 230 as the transmitting band-pass filter 130 shown in drawing 2 . 
When FBAR equipped with Q of sufficient height cannot be used, or when 
whenever [ larger safety allowance ] is needed about the filter shape of 
a transmitting band-pass filter, it is possible to use the configuration 
which contains a shunt auxiliary inductor as shown in drawing 4 as a 
transmitting band-pass filter. A transmitting FBAR array is equipped 
with the serial FBAR 201,203,205 and shunt FBAR207, 209 which were 
connected so that a ladder mold circuit might be formed, and is 
constituted. A serial FBAR 201,203,205 is connected to a serial between 



a transmit port 124 and the antenna port 128. A shunt FBAR207 and the 
shunt auxiliary inductor 241 are connected to a serial between a ground 
and the node between a serial FBAR 201 and 203. A shunt FBAR209 and the 
shunt auxiliary inductor 243 are connected to a serial between a ground 
and the node between a serial FBAR 203 and 205. Therefore, in the case 
of drawing 4 , a 21/2-step ladder mold circuit is obtained by connecting 
FBAR and an auxiliary inductor. 

[0062] The number of stages in the ladder mold circuit of the 
transmitting band-pass filter 230 is not important for this invention. 
The number of whole pages needed and the number of half-stages are 
decided by the filter shape of a request of a transmitting band-pass 
filter, the property of each FBAR which constitutes the receiving FBAR 
array 202, and the property of an auxiliary inductor. Suitably, a 
transmitting filter is equipped with a two-step ladder mold circuit 
without a serial FBAR 205, and is constituted. 

[0063] Since the effect of the auxiliary inductor to the filter shape of 
the transmitting band-pass filter 230 is equivalent to the effect of the 
above of the auxiliary inductor to the filter shape of a transmitting 
array, detailed explanation is given to cut down. 
[0064] As an alternative of the series connection of an auxiliary 
inductor and each of the shunt 207 and FBAR 209 of the transmitting 
band-pass filter 230, it is also possible to make the common ground path 
245 of a single auxiliary inductance and a shunt 107 and FBAR 109 into a 
serial. By connecting the explained single auxiliary inductance, **** of 
a component higher than the band of a transmitting band-pass filter 
improves, and **** of a component lower than a band deteriorates. If the 
shunt FBAR of an auxiliary inductor and both is connected to a serial as 
shown in drawing 4 , **** of both of a component higher than a band and 
a component lower than a band will improve. 

[0065] In the embodiment of the prototype of the duplexer 200 shown in 
drawing 4 , the insertion loss between a transmit port 124 and the 
antenna port 128 was less than 3dB over most transmitting bands. The 
separation from a transmit port 124 to a receive port 126 exceeded 50dB 
over most transmitting bands, and exceeded 46dB over the receiving band. 
[0066] The band-pass filters 230 and 232 which constitute a duplexer 200 
are consistently equipped with the power throughput of 2W C. W. over the 
transmitting band. 

[0067] The duplexer which used FBAR of the prototype by this invention 
as the base A Miniaturized Dielectric Monoblock Duplexer for 1. 9 GHz 
Band PCS Tlelephone System, 96 IEICE, and no. 349 (CPMG 960103) — In pp 
55-60 (1996) By Mr. tea Okada, Mr. tea TSUJIGUCHI, and Mr. dirty 



Matsumoto (T. Okada, T. Tsujiguchi, and H. Matumoto) Explained CDMA PCS It 
agrees in many of specifications of the duplexer by the 1900MHz ceramic 
resonator, or it is exceeded. The package dimension of the duplexer 
which used FBAR of a prototype as the base is abbreviation 8mmx5mmx2mm, 
therefore the volume of the duplexer which used FBAR of a prototype as 
the base becomes the abbreviation 1/14 of the above-mentioned ceramic 
duplexer The duplexer of a ceramic duplexer which used FBAR as the base 
since about 1/was set to 3 is the point that the height of the duplexer 
with which the more important thing used FBAR of a prototype as the base 
is not a component with the highest height in a printed circuit board 
any longer. This is advantageous in the application of a thin shape 
factor like the handset of PCS equipment, a cellular phone, or a 
cordless telephone. 

[0068] Although the SAW duplexer is equipped with the almost same size 
as the duplexer which used FBAR of the prototype by this invention as 
the base, with a SAW technique, a power throughput required to satisfy 
the requirements for roll off of the 20MHz guard band of CDMAPCS and 
high Q are not realized yet. Therefore, in order to acquire a required 
property as mentioned above, two or more SAW filters must be used. For 
this reason, the volume of a duplexer cannot but increase in proportion 

[0069] The characteristic impedance of a duplexer is decided by area of 
FBAR which constitutes each FBAR array with the duplexer of the FBAR 
base by this invention. The characteristic impedance of a duplexer must 
be adjusted with the characteristic impedance of an antenna. Generally 
the characteristic impedance of an antenna is 50ohms. By designing the 
receiving FBAR array 204 according to the characteristic impedance of 50 
ohms the size of the shunt FBAR227 which adjoined the receive port 126 
becomes quite smaller than a shunt 223 and FBAR 225, and the size of the 
shunt FBAR221 contiguous to 90-degree phase machine 134 becomes smaller 
than shunts 223 and 225. When the size becomes small, as for a shunt 
FBAR227, Q becomes quite lower than the remaining FBAR. A fall of Q ot 
FBAR227 degrades the filter shape of the receiving band-pass filter IU. 
[0070] Drawing 5 is the circuit diagram showing the duplexer 300 
concerning the 3rd operation gestalt of this invention. In the case of 
this operation gestalt, the receiving band-pass filter 332 is equipped 
with the characteristic impedance of 50 ohms, but size and Q are 
equipped with a component equivalent to a shunt 233 and FBAR 235, and 
the shunt FBAR337 of the receiving FBAR array 304 is constituted. The 
component of the duplexer 300 shown in drawing 5 corresponding to the 
component of the duplexer shown in drawing 3 and drawing 4 is displayed 



using the same reference number, and omits explanation for the second 
time here. 

[0071] In the case of the duplexer 300, a shunt impedance is kept almost 
the same as FBAR227, and Q improves using the serial configuration of 
two FBAR(s) 351 and 353 equipped with FBAR twice [ about ] the area of 
single. Therefore, in FBAR 351 and 353, area is twice FBAR 223 and 225, 
and Q becomes higher. The duplexer 300 equipped with the characteristic 
impedance of 50 ohms which is the 3rd operation gestalt as a result is 
equipped with the filter shape superior to the duplexer 200 equipped 
with the characteristic impedance of 50 ohms which is the 2nd operation 
gestalt. Moreover, the serial configuration of FBAR 351 and 353 bears 4 
times as much power as single FBAR227. 

[0072] As for the further improvement of the filter shape of a duplexer 
300, it is desirable to attain by using not the single small area FBAR 
but' two FBAR (s) 355 and 357 which make a serial configuration as FBAR321. 
[0073] Although FBAR 351 and 353 and FBAR 355 and 357 which were 
connected to the serial have an equal area as mentioned above, this is 
not important for this invention. When a required impedance is obtained 
by FBAR connected to the serial, FBAR 351 and 353 can be made a 
different area. However, the highest Q is obtained when the area of FBAR 
is equal. Furthermore, it is possible to raise Q further by using three 
FBAR (s) equipped with FBAR about 3 times the area of single replaced by 
three FBAR(s) connected to the serial, respectively connected to the 
serial. 

[0074] Although this invention has been explained about the operation 
gestalt carried out by the accumulation FBAR array to which the 
resonance frequency of individual FBAR or a FBAR group is set when a 
FBAR array determines the physical thickness of one side of the 
electrode of FBAR, or both, this is not important for this invention. As 
mentioned above, the resonance frequency of FBAR is decided by thickness 
with weight of the piezo-electric resonator stack. Since acoustic 
velocity changes with ingredients with which stacks differ, respectively, 
the thickness with weight of a piezo-electric resonator stack differs 
from the physical thickness of a stack. It is possible to assign the 
thickness with weight of a piezo-electric resonator stack and the 
thickness with weight of the same concept to the electrode of FBAR. In 
order to take the acoustic velocity in an electrode material into 
consideration, the thickness with weight of an electrode differs from 
the physical thickness of an electrode. Modification of the thickness 
with weight of one side of the electrode of FBAR or both changes the 
thickness with weight of the piezo-electric resonator stack of FBAR, 



therefore the resonance frequency of FBAR. As mentioned above, it is 
possible to change the thickness with weight of an electrode by changing 
the physical thickness of an electrode, changing an electrode material 
into the ingredient with which acoustic velocity differs, or changing 
both the thickness of an electrode, and an electrode material. All 
FBAR(s) of the accumulation FBAR array 70 which follows, for example, 
constitutes the shunt FBAR of the FBAR array 202 can have the same 
thickness, and all the electrodes of FBAR of the accumulation FBAR array 
70 which constitutes the shunt FBAR of the FBAR array 202 are the 
thickness exceeding the thickness of a serial FBAR, and can have the 
same thickness. It is possible to obtain the same result by 
manufacturing the electrode of FBAR of the accumulation FBAR70 which 
constitutes as an alternative the electrode of FBAR of the accumulation 
FBAR70 which constitutes the serial FBAR of the FBAR array 202, and the 
shunt FBAR of the FBAR array 202 from the electrode material with which 
the same thickness differs. The acoustic velocity in the electrode 
material of the electrode of a serial FBAR will become lower than the 
acoustic velocity in the electrode material of the electrode of Shunt 
FBAR. 

[0075] Although the operation gestalt used as the illustration of this 
invention was clarified by this indication, this invention can perform 
various corrections within the limits of this invention which is not 
restricted to the indicated operation gestalt and was defined in the 
attached claim. 

[0076] Below, the gestalt of operation of this invention is summarized. 
[0077] 1. It Connects between 1st Port, 2nd Port and 3rd Port, and Said 
1st Port and Said 3rd Port. The 1st band-pass filter with which the 1st 
ladder mold circuit equipped with the shunt component and the serial 
component is included, and the thin film bulk acoustic wave resonator 
(FBAR) is contained in each of said component, It connects between said 
2nd port and said 3rd port, and has the 2nd band-pass filter and a 
series circuit equipped with 90-degree phase shifter which makes a 
serial. Said 2nd band-pass filter The duplexer which is equipped with a 
shunt component and a serial component, and is equipped with the 2nd 
ladder mold circuit where each of said component has a thin film bulk 
acoustic wave resonator (FBAR). 

[0078] 2. Duplexer of one above-mentioned publication equipped with the 
same resonance frequency with which said FBAR is equipped with resonance 
frequency, respectively, said all FBAR(s) contained in said serial 
component of said 1st band-pass filter are equipped with the same 
resonance frequency, and said all FBAR(s) contained in said shunt 



component of said 1st band-pass filter differ from said resonance 

frequency of said FBAR contained in said serial component. 

[0079] 3. Duplexer of two above-mentioned publication with which said 

FBAR contained in said component of said 2nd band-pass filter is 

equipped with two different resonance frequency as a whole. 

[0080] 4. Duplexer of two above-mentioned publication with which said 

FBAR contained in said component of said 2nd band-pass filter is 

equipped with three or more different resonance frequency as a whole. 

[0081] 5. Duplexer of two above-mentioned publication with which said 

all FBAR (s) contained in said component of said 2nd band-pass filter are 

equipped with different resonance frequency. 

[0082] 6 Duplexer of two above-mentioned publication with which 
auxiliary inductor which makes FBAR and serial further is contained in 
at least one of said the components of said band-pass filter. 
[0083] 7 Duplexer of six above-mentioned publication equipped with the 
same resonance frequency with which said all FBAR (s) contained in said 
serial component of said 2nd band-pass filter are equipped with the same 
resonance frequency, and said all FBAR (s) contained in said shunt 
component of said 2nd band-pass filter differ from said resonance 
frequency of said FBAR contained in said serial component of said 2nd 
band-pass filter. 

[0084] Said the 1st Band-pass Filter and Said 2nd Band-pass Filter 8. , 
Respectively It has the band upper limit and the band minimum. Either 
said band upper limit of said 1st band-pass filter or said band minimum 
It laps with another side of said band upper limit of said 2nd band-pass 
filter and said band minimum. Said FBAR is equipped with shunt 
capacitance and said auxiliary inductor on the frequency corresponding 
to one of said band upper limit of said 2nd band-pass filter, and the 
band minimums in said the 1st said band upper limit and said band 
minimum list of a band-pass filter The duplexer of six above-mentioned 
publication equipped with said shunt capacitance and the inductance 
which produces series resonance. 

[0085] 9 Duplexer of two above-mentioned publication with which said 
FBAR contained in one of said the shunt components is equipped with the 
1st FBAR, and said 1st FBAR and the 2nd FBAR which makes serial. 
[0086] 10. The duplexer of one above-mentioned publication with which 
said FBAR is equipped with resonance frequency, respectively, and said 
FBAR contained in said at least one component of said band-pass filter 
is equipped with two different resonance frequency as a whole. 
[0087] 11. The duplexer of one above-mentioned publication with which 
said FBAR is equipped with resonance frequency, respectively, and said 



FBAR contained in said at least one component of said band-pass filter 
is equipped with three or more different resonance frequency as a whole. 
[0088] 12. The duplexer of one above-mentioned publication with which 
said FBAR is equipped with resonance frequency, and is equipped with the 
resonance frequency from which said all FBAR(s) contained in said at 
least one component of said band-pass filter differ, respectively. 
[0089] 13. The auxiliary inductor which makes said FBAR further 
contained in at least one of said the components of said band-pass 
filter at it and a serial is the duplexer of ****** above-mentioned 1 
publication. 

[0090] 14. The duplexer of 13 above-mentioned publication equipped with 
the same resonance frequency with which said all FBAR(s) contained in 
said serial component of said 2nd band-pass filter are equipped with the 
same resonance frequency, and said all FBAR(s) contained in said shunt 
component of said 2nd band-pass filter differ from said resonance 
frequency of said FBAR contained in said serial component of said 2nd 
band-pass filter. 

[0091] 15. Said the 1st Band-pass Filter and Said 2nd Band-pass Filter 
It has the band upper limit and the band minimum, respectively. Either 
said band upper limit of said 1st band-pass filter or said band minimum 
It laps with another side of said band upper limit of said 2nd band-pass 
filter, and said band minimum. Said FBAR is equipped with shunt 
capacitance and said auxiliary inductor on the frequency corresponding 
to one of said band upper limit of said 2nd band-pass filter, and the 
band minimums in said the 1st said band upper limit and said band 
minimum list of a band-pass filter The duplexer of 13 above-mentioned 
publication equipped with said shunt capacitance and the inductance 
which produces series resonance. 

[0092] 16. The duplexer of 13 above-mentioned publication with which 
said auxiliary inductor is making said FBAR contained in one of said the 
shunt components, and a serial. 

[0093] 17. The duplexer of 16 above-mentioned publication whose one of 
said the shunt components is one of said the shunt components of said 
2nd band-pass filter. 

[0094] 18. The duplexer of one above-mentioned publication with which 
said FBAR contained in one of said the shunt components is equipped with 
the 1st FBAR, and said 1st FBAR and the 2nd FBAR which makes a serial. 
[0095] 19. The duplexer of one above-mentioned publication furthermore 
further equipped with the auxiliary inductor which makes the common- 
electrical-ground connection to two and the serial of said shunt 
component in at least one of said the band-pass filters. 



[0096] 20. The duplexer with which a band-pass filter is equipped with a 
shunt component and a serial component, said serial component and said 
shunt component are connected so that a ladder mold circuit may be 
formed, and each of said component contains a thin film bulk acoustic 
wave resonator (FBAR). 

[0097] 21. The duplexer of 20 above-mentioned publication with which 
said FBAR is equipped with two different resonance frequency as a whole. 
[0098] 22. The duplexer of 20 above-mentioned publication with which 
said FBAR is equipped with three or more different resonance frequency 
as a whole. 

[0099] 23. The duplexer of 20 above-mentioned publication with which 
said all FBAR(s) are equipped with different resonance frequency. 
[0100] 24. The duplexer of 20 above-mentioned publication with which at 
least one of said the components is further equipped with the auxiliary 
inductor which makes FBAR contained in it, and a serial. 
[0101] 25. The duplexer of 24 above-mentioned publication with which 
said FBAR is equipped with the same resonance frequency which is 
equipped with resonance frequency, and said all FBAR(s) contained in 
said serial component are equipped with the same resonance frequency, 
and is different from said resonance frequency of said FBAR by which 
said all FBAR(s) contained in said shunt component are contained in said 
serial component, respectively. 

[0102] 26. Piezo-electric Layer in which at Least One of the Thin Film 
Bulk Acoustic Wave Resonators (FBAR) is Accumulation Array of Other 
FBAR(s) and FBAR from which Resonance Frequency Differs, and it Includes 
the 1st Main Front Face Which Faced the 2nd Main Front Face, The 1st 
electrode arranged on said 1st main front face of said piezo-electric 
layer, and the 2nd electrode arranged on said 2nd main front face of 
said piezo-electric layer, In the location where one of a preparation 
and said the 2nd electrode laps with one of said the 1st electrode one 
of said the FBAR(s) forms — having — said — others — said electrode 
which forms one of FBAR and said the FBAR(s) from which resonance 
frequency differs — said — others — FBAR is formed — said — others 
— the FBAR accumulation array from which an electrode and thickness 
with weight differ. 

[0103] 27. said — others — said electrode which forms one of FBAR and 
said the FBAR(s) from which resonance frequency differs — said — 
others — the accumulation array of 26 above-mentioned publication from 
which an electrode and physical thickness differ. 
[0104] 28. The accumulation array of 26 above-mentioned publication 
equipped with the almost same thickness with weight in which said 



electrode of said FBAR from which said FBAR constitutes the serial 
component and shunt component of a ladder mold circuit, and constitutes 
said serial component equips with the almost same thickness with weight, 
and said electrode of said FBAR which constitutes said shunt component 
differs from said thickness with weight of said electrode of said FBAR 
which constitutes said serial component. 
[0105] 

[Effect of the Invention] By the above explanation, according to this 
invention, a duplexer equipped with the filter shape steep enough by 
which the dependability of a duplexer or the stability of a filter shape 
is not spoiled by the power level exceeding 1W can be offered so that 
clearly. Moreover, it can do quite smaller than the duplexer which used 
the ceramic filter or the SAW filter as the base, and further, since 
individual alignment is not needed, a manufacturing cost can be made low. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the sectional view of a thin film bulk acoustic wave 
resonator (FBAR), (b) is the circuit diagram showing the equal circuit 
of FBAR, and (c) is the property Fig. showing the relation between the 
impedance |Z| multiplier of FBAR, and a frequency. 

[Drawing 2] It is the circuit diagram showing the duplexer concerning 
the 1st operation gestalt. 

[Drawing 3] (a) is the top view showing the FBAR array which can be used 
as some of duplexers by this invention, and band-pass filters, and (b) 
is the sectional view showing the FBAR array which can be used as some 
of duplexers by this invention, and band-pass filters. 
[Drawing 4] It is the circuit diagram showing the duplexer concerning 



the 2nd operation gestalt. 

[Drawing 5] It is the circuit diagram showing the duplexer concerning 
the 3rd operation gestalt. 

[Drawing 6] It is the block diagram showing the conventional front end 
circuit used for a cellular phone, PCS equipment, or other sending 
sets/receiving sets. 

[Drawing 7] It is the property Fig. of the magnitude of attenuation to a 

frequency showing the basic configuration of a transmitting band and a 

receiving band. 

[Description of Notations] 

52 Piezo-electric Layer 

54 Well 

56 Substrate 

58 60 Electrode 

66 68 Terminal 

100 Duplexer 

101, 103, 105 Serial FBAR 

102 Transmitting FBAR Array 

104 Receiving FBAR Array 

107, 109 Shunt FBAR 

111, 113, 115 Serial FBAR 

121, 123, 125, 127 Shunt FBAR 

124 Transmit Port 

126 Receive Port 

128 Antenna Port 

134 90" Phase Shifter 

145 Common Electrical Ground 

200 Duplexer 

201,203,205 Serial FBAR 

202 Transmitting FBAR Array 

204 Receiving FBAR Array 

207,209 Shunt FBAR 

211,213,215 Serial FBAR 

221, 223, 225, 227 Shunt FBAR 

241,243 Serial auxiliary inductor 

231,223,225,227 Shunt auxiliary inductor 
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